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ON SUMMATION OF PROPAGATED DISTURBANCES IN 
THE CLAW OF ASTACUS, AND ON THE DOUBLE 
_NEURO-MUSCULAR SYSTEM OF THE ADDUCTOR. 
By KEITH LUCAS, Fellow ond Lecturer of oe Collage, 
Cambridge. 


In the course of an investigation relating to Tone, Inhibition and Sem 
: mation in the claw muscles of Astacus I have found it necessary 


distinguish! separate neuro-muscular the 
adductor muscle. Tn addition to the system whieh theslow move- 


ments of the claw there is one which is concerned only with rapid closing. 
I have thought it well to clear the ground by describing first the experi- 
mental evidence: on which the differentiation of the two systems has 


been established. The recognition of the two systems is essential to —_ 


understanding of some experiments on. — which I shall 
describe later in this paper. 


A Phe evidence forthe of Kinds of 
: im the adductor muscle. | 
‘wy attention was first drawn to the possible existence of a i val 
_ quick muscle system in the following way. In studying the conditions 
which give rise to persistent tone in the adductor muscle of the claw 


I stimulated the nerves to a number of different claws with galvanic 


currents each lasting about a hundredth of a second and repeated about 
three times a second. The currents were led into the preparation by 
platinum wires which perforated the carpopodite and ischiopodite of 


the excised leg in which the tendon of the abductor muscle to the claw — 


had been cut. Records of the movement of the dactylopodite showed 


that in some preparations the weakest effective stimuli caused a slow 


contraction of the adductor muscle, and a rapid twitch-like closing was. 
obtained only when the exciting current was considerably strengthened ; 


in other preparations the weakest effective stimuli produced only the 
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twitch, and the slow contraction followed the use of stronger stimuli. 
These two types are illustrated in Fig, 1. The upper series of curves. 
(exp. 1) shows the slow contraction appearing with the weaker stimuli 
and the twitch with the stronger; for each curve the numbers placed 


below show the number of stimuli per second (st. p.s.), the duration — 
of each stimulus (dur.), the total number of stimuli used (total no.) 
and the strength of current in terms of a potentiometer wire divided 


into a hundred equal parts (str. °/,)". The lower series of curves (exp. 2) 
shows in a similar way a case in which the weaker stimuli gave the 
twitch only, and the stronger gave in addition the slow contraction. 


The occasional appearance of the twitch with weaker stimuli than — 


Fig. 1. 


the slow contraction, though useful in suggesting the presence of two 


different systems, is almost certainly an artificial effect resulting from 
polarisation at the platinum electrodes. When non-polarisable elec- 
trodes are used the weakest effective stimuli always give the slow con- 
traction, and the twitches appear only when the stimuli are strengthened. 


Such @ case as the lower curve of Fig. 1 apparently results from the 


* The method used for varying independently the several date of the stimulating 
current I shall have to describe in a later account of my experiments on tone and 


inhibition, For the present I would only mention that the currents are turned on and 


off by cams on a spindle driven at constant rate by an electric motor, and a selecting 
device is used'to pick out the frequency and total number required. © 
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stimuli, which are at the start strong enough to give both twitch and 
slow contraction, being reduced so rapidly by. polarisation at the 
electrodes that after producing one twitch they fail altogether before 
their effects have summed sufficiently to give a visible slow contraction. 
That this .is the case may be seen from experiments in which platinum 
and non-polarisable electrodes are used alternately on the same pre- 
paration. Fig. 2 shows the results obtained in such an experiment 
(exp. 3). The claw was excised and the tendon of the abductor muscle 
was cut; non-polarisable electrodes (zinc-zinc sulphate—Ringer’s 
solution with gelatin) were applied to a hole made in the carpopodite 
and to the open end of the ischiopodite. Groups of short galvanic 


Fig. 2. 
currents of various strengths were then sent in. The upper curve of 
Fig, 2 shows the results; the upper line shows contraction, the middle 
line the duration of each group of stimuli, and the lower line the time 
in seconds; the drum was stopped after each contraction so that one 


minute elapsed between successive observations. The details of each 
group of stimuli are given below the curves as in Fig. 1. It will be 


- seen that from the least effective strength (35) to a strength of 40 only - 


_ slow contractions were obtained. The non- -polarisable electrodes were 

then replaced by platinum wires, and a similar series of observations 

was made, the results of which are shown in the lower tracing of Fig. 2. 

In this case the weakest effective stimuli gave only a twitch. Fig. 2 
| 1—2 
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With strengths of 20, 22 and 24 
twitches alone were obtained, and the part of the experiment repro- 
duced shows the gradual appearance of the slow contraction as the 


strength of the stimuli was further increased. After this the non-— 
polarisable electrodes were replaced, and the results of the upper curve 


in Fig. 1 were repeated. 

These observations indicate that the is @ 
appearing only when the stimuli are increased in strength to a point 
considerably beyond that which suffices to give the slow contraction. 
It might be thought that the twitch is therefore to be regarded 


merely as a larger contraction resulting from a continuous increase 


of the slow contraction. That this cannot be so is indicated by 


the remarkable discontinuity which is seen in\a series of contractions 
obtained with stimuli of graduated strength. The upper tracing 
of Fig. 3 (exp. 4) shows the contractions of the adductor muscle 
in answer to groups of five short galvanic currents of different 


strengths. The numbers placed below the record give the details 


of the stimuli in each group; the time tracing is in seconds, and the 
drum revolved continuously. It will be seen that whereas an increase 
of strength from 17 to 20 produces scarcely any alteration in the size 
of the contraction, there is a sudden increase on changing the strength 
from 20 to 21, and no further increase between 21 and 25. The lower 
tracing (exp. 5) was taken from another preparation in the reverse order 


¥ 
} 4 
. 
ae 
ig 
fe 
ax 
ag 
? 
ie 
‘a 
he 
AS 
By 
A 
3 = 
ig 
a 
| 
3 
| 
2 


ASTAOUS MUSCLE. 


oftime with, the stronger stimuli. first, and the drum was stopped 
between the observations so that the groups of stimuli were one minute 
apart. This tracing is less deformed by fatigue than the upper tracing, 
and the abruptness of the change from twiteh to small: sosrstuneonin 
is even more ised shown. 


: evoked by different nervous paths. 


The performance of two kinds of contraction by the adductor 
muscle of Astacus recalls some observations which I have published 
on the claw of Homarus. I found that when condenser disc 
of varying duration were sent into the nerves running to the adductor 
muscle of the claw in Homarus, the curve relating the duration of 
discharge to the least voltage required to excite showed a discontinuity. 
On one side of the discontinuity all stimuli gave a slow contraction 
of the claw, on the other side all stimuli gave a rapid twitch*. This 
discontinuity in the curve relating voltage to duration of discharge 
is evidence that the stimuli of short duration excite in the nerve trunk 
a substance different from that excited: by the long stimuli, and the 
_ exact coincidence of the discontinuity with the change from slow con- 
_ traction to twitch shows that the excitation of the more rapidly reacting 
substance in the nerve trunk always leads to the twitch, while excita- 
tion of the slower substance leads to the slow contraction. The most 


_ probable interpretation of these facts is that there are two kinds of 


nerve-fibres leading down to the muscle, though the possibility that 
there may be nerve-fibres of one kind only, each containing a slow and 
@ rapid system, is not excluded by the experiments. Lapicque® has 
described the occurrence of two kinds of contraction in the claw muscle 
of Carcinus. His observations do not, however, seem to bear on the 
same phenomenon, since he was dealing with contractions the shorter 
of which he described as lasting fifty times as long as the twitch of a 
frog’s gastrocnemius; also he obtained the shorter contraction with — 
comparatively long constant currents, and the longer with induction 
shocks. It would be of interest to see whether the claw of Carcinus — 
can give twitches of an order of rapidity comparable to those which 

I have observed in Homarus and Astacus. 


"This Journal, xxxv. p. 326. 1907. Loc. cit. Figs. 10 and 11. 
Journ, de Physiol. v. p. 843. 1903. 
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Prompted by the analogy of these phenomens in Homarus 
about to find whether the nerve trunk in Astacus also contained two 
excitable substances of different rapidity. The first method used was 
to take a galvanic current of a fixed duration of the order of -02 sec. 
and to determine with it the threshold current strength for the slow 
contraction and for the twitch on the same preparation, then to shorten 

the duration of the current to something between ;/, and ¢ of its former. 
value and determine the two thresholds again. This is most easily 

- done if, for obtaining the twitch, the stimuli are sent in singly, so that 
the quick twitch in response to one stimulus is easily recognised, while 
for obtaining the slow contraction the stimulus is repeated some three 
or four times at intervals of about half a second so that the smallest 
slow contraction becomes visible by addition, In the table below there 
is shown experiment. 


ee 


‘Time since Duration of 
of Threshold 
8 


It will be seen that the conditions were not perfectly steady, since 

the threshold current strength for the twitch muscle with the longer 

. currents (alternate numbers in last column) has risen from 18 to 20 

_ during the experiment. The middle three pairs of observations in 

the series do however give values for the long currents which are 

preceded and followed by identical values for the short currents, = 


Duration of Threshold for Weed hee. 
current slow contr. twitch 


Thus on reducing the current duration by a given amount we must 
increase the current strength for the slow contraction from 8 to 18 
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_ (or by 125%), and for the twitch we must increase it from 19 to 25 
(or by 32%). This means that the curve relating current strength 
to current duration must be different according as excitation leads to 
the slow contraction or the twitch, and under otherwise like conditions 
such a difference is only found when different substances are excited. 
The table below shows that in all cases investigated a difference 

of like nature was observed, the slow contraction always calling for 
bya amount. 


Increase °/, of threshold on 


Duration of current 
6 O21 19 125 32 %, 
Ta 30-5 119 34 
165 33 197 73 
8 018 16 60 
0036 30 415 


Z These observations really give adequate proof that there are under 
the electrodes (and therefore in the nerve trunk, since the current did 
not traverse the muscle) two excitable substances, of which the more 
_tapid leads to the more rapid contraction of the muscle. However I 
- thought it worth while to map out more completely the curves relating 
current strength to current duration for the two substances. 
_. Tt is by no means every preparation which will maintain a constant 
condition for a time sufficiently long to allow the complete curves:to — 
be explored. In three preparations I was able to obtain the curve for 
the slow contraction, then for the twitch, and then again for the slow 
contraction, with quite good agreement between the first set of observa- 
tions and the last. Exp. 10 will serve as an example of the method. 
Seven current.durations were used, ranging from -022 sec. to -0011 sec. 
The duration -0165 was chosen as a standard, and to avoid progressive - 
errors the threshold for this duration was determined alternately with 
that for-every other duration; each value was checked twice. Thus — 
for example the first set of determinations for the slow contractions 
read as follows. 
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-0055 
0165 
9220 0027 
M10 | 
$110 $0016 
17 0165 


0110 18 


The current strength for the duration -0165 changed from 18 to 17 
during the experiment, so when the final values were taken out the 
current strength for -0165 was always regarded as 100, and the strengths 
for other durations were reduced accordingly. The final values — 
in the three sets of observations were the following: 


for slow conte. curren str for slow contr. 
0220 100 
100 100 
0110 106 
0065 135 133 
0027 208 205 
0016 306 
0011 462 469 


Temperature... 162°C. 161°C 160°C. 
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‘The agreement between the on the slow 


made before and after that on the twitch is remarkably close; and this 


is true not only after the threshold for the long duration is reduced to 


100, for the actual values of this threshold ranged from 18 to 17 during» 


the first set of observations and from 17 to 18 during the last. The 
curves are plotted in Fig. 4. The difference in time relations between 


the two curves can be seen at a glance from the fact that the lower one — 


begins to rise about -013 sec. and the upper at about -0045 sec. A more 
accurate measure of this difference can be obtained from what I have 
called the ‘excitation time’,’ and Lapicque has called the ‘chronaxie®,’ 


— the duration at which the least current —" has ees to 


this Jourkal: p- 325. 1907. 
2 C. R. Soe, de Biol, p. 280. 1909.: 
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be doubled; this is for the lower curve sec. 
curve 0012 sec. The figure also illustrates a point which I have 
observed in frogs and toads as well as in the lobster’, that the excit- 
able substance whose ‘excitation time’ is shorter requires the stronger 
current to excite it at long durations, or, in the terms used by Lapicque, 
rheobase.’ 


For Twitch | 


01 “02 
Duration of current 


of the curves for two excitable substances of different euhohiien times. 
In Fig. 4 there is no actual crossing, though it would appear that there 
might be if the curves were followed further. I have observed one case 
(exp. 18) in which a crossing must have taken place; with a duration 


Lov. cit, p. 325; 
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fon the twitch 145; when the duration was reduced: to -0095:se0; the 
threshold was raised to 278, and no strength of ee 


oe a twitch would give a slow contraction. 

, The two other complete experiments made on the relation of current 
strength to current duration gave results as reliable as those of exp. 10. 
The essential data from the three experiments are tabulated below. « 


10 O02 sec. sec. 100/207 

100/346 16-8 to 17-2 

12 0045 0017 100/252 - 188 to 16-0 


Lapicque? has observed that the ‘chronaxie’ of the adductor of 
the cray-fish claw is about three thousandths of a second. It would 


appear that he has probably obtained this value for the slow muscle 


and has not taken the quick muscle into account. 
The conclusion to be drawn from the experiments described in this 
section is that in the nerve leading to the adductor muscle of Astacus 


there are two excitable substances, one of which has an ‘excitation 
time’ between two and three times as long as that of the other. The 


substance with the shorter excitation time leads to a twitch of the 
adductor muscle, and requires the stronger current for its excitation 
when the duration of current is long. The two ‘excitable substances’ 


may probably represent different nerve-fibres leading to the adductor | 


muscle, “— of this there is no proof. 


6. The type of summation observed in the adductor system. 
Richet? first drew attention to the ease with which phenomena of 
summation of stimuli could be obtained in the claw muscles of the 
cray-fish. He showed that stimuli which produced singly no visible 
effect might cause large contractions when repeated at short intervals 


of time. The question arises as to what class of summation Uiese | 


phenomena belong. 


There is one type of summation of stimuli which appears to arise — 
from the addition at the seat of excitation of two local disturbances 


each of which is by itself inadequate to set a propagated disturbance 


in motion. This type was first studied quantitatively by Weiss*, who 


investigated the relation between the strength and duration of two 


* Lapicque. Livre jubilaire du Professeur Ch. Richet, p. 238. 1912. 
* Travauz du laboratoire de M. Marey, m1. p. 97. 1877. 
Arch. Ital. Biol. xxxv. p. 413. 1901. 


2 
* 
‘ 
cf 
« 
4 | 
AS =f 
Vig 
ha 
& 
“Vg 
2 
a 
BY 
, 
~ 
ve 
a 
| 
} 
} 
| 
ay 
aq 


ASTACUS MUSCLE. 


short currents which would produce the effect. In 1910! I showed 
that if two short electric currents (break induction shocks), each of 
a strength 5°/, below the threshold for the single current acting alone, 
are sent into a nerve or muscle, the greatest time interval at which 
_ they may follow one another and still successfully sum their effects 
varies from tissue to tissue and depends on the ‘excitation time’ of 
the particular tissue used. In a tissue such as the frog’s ventricle, 
whose excitation time is relatively long, the two currents will sum 
: ‘if they are separated by a relatively long time; in the motor nerve to 
the gastrocnemius, whose excitation time is short, the two currents 
must follow at a shorter interval. On the strength of this relation 
I suggested that both these properties of a tissue depend on the rate 
at which the local excitatory disturbance tends to subside, or in terms 
of Nernst’s hypothesis, the rate at which concentration of ions within 
_ the tissue tends to be equalised by diffusion. On this view the summa- 
tion observed in such cases depends on the fact that the incomplete 
local excitatory disturbance produced by the first stimulus does not 
subside instantaneously when the first stimulating current ceases to 
pass, and, if partially persisting, facilitates excitation by a second 
current, Almost at the same time Lapicque* showed that the — 
summation of stimuli is the more easily obtained the shorter the 

exciting current in relation to the excitation time of the tissue; if the 
currents used are so long that their threshold strength cannot be further — 
reduced when their. duration is increased, then there is no summation 
to be observed: This fact agrees well with the hypothesis which I 
have mentioned; if a current fails to produce the requisite local change 
only because ite duration is insufficient, it may by repetition bring the 
change to the requisite level, but if it fails because it is too weak to — 
effect. the necessary change however long it lasts, then its repetition 
can obviously add nothing to the effect. Soon after this Hill* showed 
that on the theory of Nernst the conditions for such a type of local 
summation could be calculated and there would necessarily be such 
@ connection between the interval for summation and the excitation 
time as I had noticed; both these properties of a tissue would be 
expressions of the rate at which concentration differences in the tissue 
were equalised by diffusion. If this explanation of the summation 
observed in such cases is correct it would follow that no summation 
should occur when the two stimuli ™ on separate parts of the tissue. 

1 This Journal, xxx1x. p. 461. 1910.- 2 CO, R. Acad. des Se, Mar. 1910, 
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Such would " the case for example either if the two exciting 


currents were led in by separate ‘electrodes, or if, passing by the same’ 


electrodes, they were of opposite direction in the tissue. The work 


of Sewall! showed that no summation, occurred between a first 


subminimal and a second submaximal stimulus if they were currents 
of opposite direction; but the fact that his second stimulus was not 


also subminimal makes his result not quite applicable to the present - 


case. Adrian and I* investigated the case of two stimuli led into the 
sciatic nerve of the frog by two pairs of electrodes placed on different 
parts of the nerve, and found that under these conditions stimuli which 
were subminimal when acting alone produced no effect when following 


one another at short intervals; there was in fact no summation unless | 


_ the two currents acted at the same point on the tissue. 

It appears then that there is sufficient ground for the seketiibtlon 
of this one type of summation of stimuli, which consists in the addition 
at the seat of excitation of two incomplete local disturbances. 

In 1912 Adrian® and I pointed out that this type of summation 
of stimuli must be sharply differentiated from a second type; in the 
latter the first (apparently ineffective) stimulus does set up a propagated 
disturbance, which however is blocked by some region of imperfect 


conduction on its way to the effector organ; the propagated disturbance 


set up by the second stimulus succeeds in passing the obstruction. We 


investigated several examples of this type, which we called the ‘summa- 
tion of propagated disturbances’ in order to distinguish it from the 
‘summation of local excitations.’ We mentioned* the experiments of 


Richet on Astacus, and stated that there was no evidence to show to 


which type his summation belonged. Later in the same year there 


appeared a paper by Lapicque® dealing with ‘Addition latente et 
Sommation’ in which he also pointed out that there were cases of 
‘addition latente’ which obviously were not of the nature which Hill 
and I had contemplated in our earlier papers. He referred particularly 
to Richet’s experiments on Astacus, and called attention to the fact 
that Richet used alternately make and break induction shocks, which 
by their alternation of direction must have excluded the possibility 


* Adrian and Keith Lucas. This Journal, xu1v. p70. 1912. 
This Journal, xtiv. p. 68. 1912. 

Loe, cit. p. 76. | 
Lire du Gh. Rich. 1 1912. 
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Adrian and I were not’ aware'. It appears to remove’ Richet’s 
observations from the category of the ‘summation of local excitations.’ 
Lapicque stated that the hypothesis which Hill and I had put forward 
might be valid for the experiments of Weiss, but clearly could not 
_ *be applied to the observations of Richet. Thus he too suggested 
the need for recognising two distinct categories of summation of stimuli. 
The explanation of the ‘summation of local excitations’ has not 
been disputed, though for its confirmation we clearly need more experi- 
mental work to test whether the observed relation between excitation 
time, strength and duration of current and summation interval agree 
quantitatively with the results of calculation. For the ‘summation 
of propagated disturbances’ on the other hand many diverse explana- 
tions are offered. Before discussing these hypotheses I- wish to describe 
some experiments dealing with the question whether the summation — 
observed in the claw of Astacus does in fact belong to this category. 


mae to determin the type of summation 
in the adductor system. 

abductor is cut and the nerve to the adductor is stimulated with a 

single break induction shock from a coreless coil. The result is a single 

rapid twitch of the adductor, which is usually unable, with the added 

weight of a recording lever, to close the claw completely. If two 

induction shocks are sent in at an interval of a few thousandths of a 
second, the twitch is larger. This effect is shown in Fig. 5 (exp. 14) 

‘where the contractions of the adductor muscle are recorded on a 
stationary drum. The preparation was stimulated every half minute, 
1 The fact is not stated in Richet’s original paper (loc. cit.) or in his Physiologie 


des muscles et des nerfs, but 
mention any method of selecting the make or break shocks. : 
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from. separate coils at an interval of ‘0036. sec. At the beginning of 
the experiment the single shock gives a small contraction, and the double 
shook gives a larger one. This phenomenon Richet has described 
‘and. shown graphically!.. As the series of stimuli is continued the: 
response to the single stimulus gets rapidly smaller and presently fails ; 
the response to the two stimuli is only slightly reduced. Richet 
described this stage in which “the twitch is not produced, and no 
apparent motor effect results*,” from the single stimulus. | 
' . It is the stage of complete failure of the single stimulus which is 


of importance for the study of summation, because when the first 


stimulus provokes no contraction the complicating factor of the 

mechanical addition of two contractions is excluded. Richet drew 

attention to the two factors and distinguished them as addition 
apparente’ and ‘addition latente®.’ 

Tn order to be quite sure that the summation so obtained is, as 
indeed Lapicque’s observation indicates, not a summation of local 
excitations I first verified the fact that it can be produced by two 
‘induction shocks of opposite direction in the tissue. Fig. 6 (exp. 15) 
- is an example of this. The stimuli applied in this series are first tao 
_ break induction shocks at an interval of -005 sec. both descending in 

_ the nerve, then the first of these alone, then the two at the same interval 
as before with the first ascending and the second descending, then the 

first alone in the ascending direction. The whole series is then repeated ; 

observations are separated by 20 secs. It will be noticed that at first 


* the single stimuli in both directions give small contractions, but after 
they have ceased to do so the summation is still obtained not only with 


the two currents of like direction but also with those of opposed 
direction. The summation is less with the opposed currents, but this 
is only to be expected from the fact that one of them is ascending; 
it requires a considerably stronger single stimulus in the ascending 
than in the descending direction to produce an effect at all. : 


_ This experiment really goes further than the observation of 


Lapicque that Richet used both make and break shocks, for though 

the alternation of direction so produced must have prevented the 

es polarisation produced by one break shock from persisting end facilitating 

Loe. cit. p, 99. Biche dente with in more detail in de 

M. Marey, 1. p. 97. 1877. 
* Travaux du lab. de M. Marey, m. p. 1877. 
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the next break shock, it does not appear whether in Richet’s experi- 
ments the summation was produced between the effects of two currents 
of opposite direction or between two currents of like direction between 
which there was interpolated an ineffective current of opposite direction. 
In the experiment of Fig. 6 we have a clear summation of the effect 
produced by currents of opposed direction, and consequently the 
effective second current must have started its nervous impulse from 
a point on the nerve which was not the seat of a local excitation during 
_ the passage of the first current. 

. here is another experiment which confirans. the view that the pheno- 
- menon observed here is not a summation of local excitations. In that 
type of summation the first stimulus fails because it is too weak in 
relation to the excitability of the nerve at the moment; if the first 
stimulus is strengthened it becomes effective by itself. In the present 
case this is not so. I have observed in experiments of the type shown 
in Fig. 6 that at the moment when the single stimulus has just failed 


- to produce a contraction the stimulus may be increased in strength 


and still no contraction results. This observation resembles that made 
on the locally anmwsthetised amphibian nerve by Symes and Veley! 
studied’ by Verworn*, Veszi*, Lodholz* and Adrian®. It 
points to the failure of the first stimulus arising not from a failure to 
start a nervous impulse but from a conduction block in the path of 
the impulse set up. 

It can be shown also by another method that the first stimulus 
though it produces no contraction does set up a nervous impulse. This 


is seen from the fact that the first stimulus leaves behind ita refractory 


period, which is invariably an accompaniment of a propagated disturb- 
ance. It is not however on the mere existence of a refractory period 
that I rely as proof that the first apparently ineffective stimulus sets — 
up @ propagated disturbance in the nerve. I have also explored the 
relation between the length of the refractory period and the strength 
- ofthe second stimulus. Adrian® and 1 published details of this relation 
for the motor nerve to the gastrocnemius of the frog, and Adrian’ has 
since dose ean 98 the form of the curve more thoroughly. I have 

‘I Symesand Veley. Proc. Roy. Soe. B. p. 431. 1910. 

2 Verworn. Ztech. f. allgm. Physiol. x1v. p. 277. 1913. 

Veszi. IJbid. p. 321. 1912. 

Lodholz. Ibid. xv. p. 269, 1913. 

Adrian. This Journal, xLvm. p. 460. 1914. 

® This Journal, xttv. p. 114, Fig. 18. 1912. 

This Journal, xtrv. p. 384. 1913. 
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applied the same method to the claw of-Astacus, and find that the 
first stimulus, at a time when it is producing no apparent effect on 


the adductor muscle, leaves behind it in the nerve a process of recovery — 


which is essentially like in its course to the recovery following the 
passage of a nervous impulse down the frog’s motor nerve. Fig. 7 
(exp. 16) is an example of the results obtained. In this experiment 


the cathode for both stimuli (single break induction shocks from core- 
less coils) was a platinum wire piercing the shell in thé carpopodite : 
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-01 
Interval between Stimuli (Secs, 
Fig. 7. 


and the anode was a wire entering the open end of the iechiopodite. 


The time intervals between the two stimuli were obtained by the 


variable separation of two knock-down keys which were in the path of 
a flat steel spring which had been released from a position of strain. 
The distance of sepatation of the two keys was read on a divided scale, 


and the values in seconds corresponding to the scale divisions were 
determined by putting the two keys in circuit of the two ‘strings’ 


of a small Kinthoven galvanometer, and photographing the movement 
of the strings on a travelling plate. The coils were calibrated by using 
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currents of different measured strengths in the primary circuits and 
determining for each strength of primary current the distance between 
_ primary and secondary coils at which break of the primary circuit just 
_ excited @ sciatic-gastrocnemius preparation of a frog. The preparation 
was checked before and after each observation by ascertaining whether 
it was excited at a certain fixed coil-distance-with a standard strength 
of current in the primary circuit. The values plotted in Fig. 7 as 
current strengths are derived from the coil-distance used in each 
observation on the assumption that if a given movement of the secondary 
coil towards the primary requires a diminution of the current strength 
in the primary from z to y, in order that the effect of the secondary 
break shock may be kept constant, then with constant strength of 
current in the primary the same movement of the secondary coil would 
imerease the strength of the secondary current in the ratio y:z. 
Throughout the experiment the threshold current strength for the 
- resting nerve is taken as 100, and the strength required to excite the 
“nerve at a given interval of time after a previous stimulus is expressed 
as a percentage of this. In the present case it was of course impossible 
to determine the threshold for a single stimulus in the truly resting — 
nerve, since it was essential to the experiment that the single stimulus — 
acting alone gave no contraction; it was therefore necessary to take — 
as the standard the strength of second stimulus which just sufficed to 
give summation at the longest time interval used, namely -0218 sec. 
This value was checked before and after the other observations and 
remained unchanged within 1 mm. coil-distance. ) 
Fig. 7 shows that the first stimulus is followed by a typical ice ‘ 
period in the nerve, though it has produced no apparent effect elsewhere. 
_ This is evidence that a nervous impulse has been set up. But we 
can go further than this, and show that the nervous impulse set up by 
the first stimulus has travelled down the nerve. If the second stimulus © 
- is applied not at the seat of the first but at a point nearer to the muscle 
a refractory period is still observed. Fig. 8 (exp. 17) shows the course 
of recovery observed when the first stimulus was sent in by two electrodes 
in the ischiopodite and meropodite, the cathode being in the latter, 
while the second stimulus had its cathode in the carpopodite. The 
-detsils of the method were otherwise similar to those of exp. 16. It 
will be noticed that in this experiment the recovery curve is very 
different from that obtained when the two stimuli attack the same 
point. In Fig, 8 there is shown not only the phase of relative refrac- 


tivity, but also the succeeding of excitability ; ; 
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at the interval -007 sec. this phase is at ite height, and the current 
required to excite is only 80°, of that required at -0218 sec. This 
general course of recovery resembles closely that which Adrian and 


I observed in the motor nerve to the gastrocnemius of the frog when 


we excited with two stimuli at different points’, though the super- 
normal phase is much more strongly marked in Astacus than it is in 
the frog. Evidently the use of two stimuli at the same point distorts 
the curve by introducing some local effect of the first stimulating current 
in addition to the proper recovery after the passage of the nervous 


Threshold of Second Stimulus 


Interval between Stimuli Secs) 
Mig. 8. | 


‘impulse. This experiment shows that when the first stimulus in the 


meropodite produces no apparent effect on the adductor muscle it does 
set up @ nervous impulse, the recovery from which can be followed in 

We have then four lines of evidence to show that the summation 
observed in the adductor is of the type of ‘summation of propagated 
_ disturbances’; (1) the summation is observed when the two exciting 


currents are of opposite direction in the nerve; (2) when the single 


t Adrian and Keith Lucas. This Journal, xtav. p. 114, Fig. 18. 1012. 
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_ stimulus fails to produce a contraction it does not become successful 
_ if strengthened; (3) the apparently ineffective first stimulus leaves 
behind it a refractory state at the seat of excitation; (4) the refractory 
‘state occurs not only at the seat of the first stimulus but also in parte 
of the nerve nearer to the muscle. 

I conclude that we have to do with a type of summation in which 
the first stimulus sets up a nervous impulse which fails to cause a 
contraction because it is extinguished by a conduction block or region 
of decrement; the nervous impulse set up by the second stimulus 
succeeds in passing the region of decrement owing to some modification 
produced by the first impulse. The exact situation of the region of 
decrement ia a matter of conjecture. On the analogy of the amphibian 
neuro-muscular apparatus one would be inclined to place it in some 
tissue in the region of Junction between nerve and muscle, but direct 
evidence on this _— is wanting. | 


@ second nervous impulse. 


“The main problem of the summation of propagated distusbunces i 
is to know how the passage of the first renders conduction better for 
the second. One line of enquiry on this point which Adrian and I 
attempted was to determine at what time intervals after a previous 


disturbance a second one did enjoy better. conduction. The chief — 


difficulty of this enquiry was that in the preparations which we used 
. the condition in which one stimulus failed and two succeeded was 
very short lived. The partial conduction blocks which we were able 
to establish artificially could not be maintained constant. 
| In the adductor system of the cray-fish claw the summated con- 
_ traction can often be obtained for 40 minutes or more after the single 
stimulus has failed. I have attempted to obtain during this period 
- @ series of contractions in answer to two-stimuli separated by various 
‘intervals of time, and to see how the height of the contraction varies 
with the interval between the stimuli. Since the first stimulus alone 
produces no contraction the height of the contraction, which is really 
produced by the second, gives a measure of the success of conduction 
of the second propagated disturbance. Tt is possible in this way to 
- determine the range of times after a previous disturbance within which 
the second propagated disturbance is successfully conducted past the 
block, and to determine the time et which conduction is st an optamam. 


¢ 
| 
om 
2 
a 
“a 
< 
: 
} 
re 
4 
= 
7? 
% 
4 
ul 
4 


20 : K. LUCAS. 
“Tn the experiments made for this purpose the two stimuli used were 


usually sent into the nerve by separate electrodes, the cathode for the 


first being in the meropodite, and that for the second in the carpo- 
podite. Both stimuli: were considerably above the threshold, the 
actual values being given with the description of each experiment. 
The contractions were taken every 20secs., that with the shortest 
time interval between stimuli first, and then those with greater intervals 


in order. When the longest interval was reached the whole series was. 


repeated in reverse order. The contractions were measured on a micro- 
scopic comparator reading to 01 mm., and the mean height for each 
time interval between stimuli was plotted. | 


: Height of Contraction 


* 


Interval between Stimuli Secs) 


Fig. 9. 


The simplest type of result obtained in experiments of this kind is . 


illustrated by the upper curve of Fig. 13, where abscisse measure the 
time interval between the first (ineffective) stimulus and the second, 
and ordinates represent the height of contraction which the second 
stimulus ‘provoked. The strength of stimuli used was 70°/, above the 
_ threshold. It will be noticed that the first contraction is observed 
when the interval between stimuli reaches 0046 sec., and the height is 
at @ maximum whén the interval is approximately ‘015 sec. With 
longer intervals it declines, and had not disappeared in this experiment 
with the longest interval used (-0216 sec.). EE OE 
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_ This type of curve occurred in about one-third of the experiments 
made, and the position of the maximum ranged between -005 and -015 
sec. In the remaining experiments the same maximum can be recog- 
nised, but is preceded by an earlier maximum which lies somewhere 
between -002 and -005sec. Fig. 9 (exp. 19) is an example of this 
type. The currents used were 320°, above the threshold. Here the 
early maximum is at about -0038 sec., and the later one at -013 sec. 


A 


Height of Contraction 
a | 

j 


4 | ‘005 
Interval between Stimuli (Secs, 
: Fig. 10. 


Since it was not possible without undue fatigue of the preparation to 
‘define the early maximum by a sufficient number of observations while 
mapping the general course of the curve, I took a special set of observa- | 
tions at closer intervals on the early maximum, with the results shown 
in Fig. 10. This figure shows that there is really very little variation 
of height of contraction throughout the early series. Fig. 11 taken 
_ from another experiment (exp. 20) shows the same feature of the early 
maximum and the commencement of the rise towards the second | 
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The cures wed stout 20% of the 

strength. In this experi- 
ment the two stimuli were > 
at the same point, not at 
different points as in exp. 
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In the table below there = 
are given the times of the 
maxima of contraction for 
3 all experiments in which 
. two series of contractions 
obtained with satis- 
factory agreement between 
themselves and with the 
maxima clearly defined. 
| There are two points to be 
noted about this table ; first, 
that the time for the late 
maximum is in éach experi- 
ment between 2°5 and 3:5 
times as long as that for 
the early maximum; and 
. second, that the variation 
from one experiment to an- 
i O08 | other follows the tempera- 
“Interval between Stimuli Ges) ture, the longer times being 
Mig, 1. associated with the lower 
| temperatures. 
Time contr. 
Temperature 
015 sec. 13-3° C. 
013 
16-0 
16-2 
14-2 
20-5 
19-2 


16-4 
12:8 


Height of Contraction 


two maxima of contraction ? ‘The 


What i is the meaning of 4 
10, and 11, recalls the phenomenon =| 


break in the curves of 
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which has been described by Gildemeister! and by Levinsohn?*. 
- These authors showed that if a submaximal stimulus was preceded 
at the same point on a muscle by a subminimal stimalus the effect of . 
the latter was at certain time intervals to reduce the size of the con- 
_ traction produced by the former. This effect is a local one; the first 
weak stimulus leaves behind it a depressed excitability which weakens 
_ the effect of the second stimulus if the seat of excitation is the same for 
_ the two stimuli. In the present experiments this phenomenon is clearly 
not the cause of the depression between the two maxima, for the two 
maxima are just as clearly marked whether the two stimuli.are applied 
_ at the same or at different points on the nerve. A more probable expla- 
nation is that the two maxima are the single maxima belonging to each 
_ of the two neuro-muscular systems identified in the last section of this 
paper. On this view at 16° C., for example, the second nervous impulse 
is best conducted past the block at -003 sec. in the rapid system and at 
“008 sec. in the slow system. Confirmation of this view will be given 
in the next section, where it is shown that when the two maxima of 
contraction occur there can sometimes be traced a corresponding 
| duplicity of the recovery curve, which gives clear evidence that the two 
maxima of contraction correspond to the excitation of difiprent elements 
in the nerve. 
‘On this view then there is for each neuro-muscular system of the 
adductor a certain limited range of time within which a second nervous 
- impulse will be successfully conducted after a single impulse has failed. 
In the following section I shall enquire whether the time of successful 
- eonduction of the second impulse can be correlated with any phase of 


‘Tecovery of the nerve. 


E. The optimal time of conduction and the ine: 
In our paper on the summation of propagated disturbances* Adrian — 
and I showed that in a frog’s motor nerve the phase of diminished 
excitability which succeeds the absolute refractory period is followed 
by a phase in which the nerve can be excited by a stimulus weaker 
than the normal threshold. The phase of diminished excitability was 
- found to pass on a continuous curve into the phase of supernormal 
1 Arch. f. d. ges. Physiol. oxxrv. p. 447. 1908; and Festechr. f. L. Hermann, p. 53. 
1908. 
* Arch. f. d. ges. Physiol. oxxxmt, p. 267. 1910. 
This Journal, p. 114, Fig. 18. 1912. 
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excitability, which then passed through a maximum. We suggested 
that this phase of supernormal excitability might correspond with a 
phase of supernormal conductivity which would be the basis of the 
summation of propagated disturbances. Owing to the experimental 
difficulties which I have mentioned at the beginning of the last section 
we were unable to determine whether the two phenomena’ passed 
through a maximum at the same time. I have tried to determine 
this point experimentally on the cray-fish claw. 

If the curve relating excitability to time since a previous stimulus 
is determined in the nerve to the adductor, the result depends greatly 
on the question whether the second stimulus is or is not applied at the 
same point on the nerve as the first. This fact was demonstrated in 
an earlier section of this paper, and Figs. 7 and 8 show the different 
results obtained ; in Fig. 8, where the points of stimulation are different 
the supernormal phase is well marked, but in Fig. 7 where the two 
stimuli are coincident it is absent. There can be little doubt that the 
_ use of two stimuli at different points gives the truer picture of the 
recovery of nerve after the passage of a nervous impulse, for with 
this method the point explored by the second stimulus has been subjected 
to the passage of a nervous impulse only and is free from any local 
effects which the first stimulating current may have produced.. I have 
therefore used only the method of two points in this enquiry, and have 
regularly placed the cathode of the first stimulus in the distal third of 
the meropodite, and the cathode of the second stimulus in the middle 


of the carpopodite. The determination of the recovery curve followed _ 


otherwise the method which I have described above as being used in 
exp. 16 (see page 16). Observations were always made at. intervals 
of 20 secs. 

The procedure of an experiment was to determine the recovery 
curve first, while the adductor gave a single twitch in response to a 
single stimulus on the nerve; this part of the experiment was continued 
until the single stimulus no longer caused any contraction. Next a 
series of contractions was recorded in response to two stimuli at varying 
_ intervals after the manner described in the last section. If the pre- 
paration was still in good condition after this had been done, the 
recovery curve was checked over again, but since the muscle no longer 
responded to the single stimulus the threshold for the single stimulus 
could not be determined, and the current strengths had to be referred 
to the threshold for the second stimulus acting at the longest time 
_ interval after the first. Of course it was impossible to determine simul- 
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taneously the recovery curve and the curve of contractions which were 
_ to be compared, but since the recovery curve when determined before 
and after the series of contractions was found to have undergone no 


300} 
3 


8 


01 ‘02 
Interval between Stimuli (Secs) 
| : 
material change, its course during the series of contractions may be 
represented without serious error by the determinations made previously. 
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26 
An example of the two determinations of the recovery curve is given 
below (Fig. 14). 


The simplest type of result obtained was that in which shenlan ot 
contractions showed a single maximum, and the recovery curve was also 
of simple form. An example of this is given in Fig. 12 (exp. 28) where 
the recovery curve (lower curve) and the curve of contractions (upper 


curve) are plotted on the same time scale. In this case the recovery 


curve was determined between 11 and 45 minutes after the removal of 
the claw, and the series of contractions was recorded from 54 to 66 
minutes. It may be seen that the shortest interval at. which the 
second stimulus provokes a contraction corresponds with the shortest 
interval at which there was a summated contraction when the first 
stimulus was also giving a contraction; the height of contraction in 
response to the second stimulus passes through a maximum at a time 
interval which is slightly longer than that which gives the maximum 
of supernormal excitability, the values for the two intervals being in 
fact -0065 and -0055 secs. respectively; the contraction then persists 
at intervals which are longer than that at which the supernormal 
_ excitability had apparently disappeared. The recovery curve of 
another experiment (exp. 18) is given in Fig. 13. This curve was 


taken from a preparation between 9 and 23 minutes after removal, 


and between 25 and 34 minutes a series of contractions was recorded 
which has already been referred to on p. 20. The rélation between 
recovery curve and contraction curve is similar to that of. Fig. 12, the 
maximum of contraction being at -015sec., and the maximum of 
supernormal excitability at -010 sec. In this experiment the period of 
supernormal excitability was longer and was not followed to its end. 
So far it appears that the maximum of contraction:in response to the 


second stimulus, which is taken as a measure of the optimum of 


conduction for the second nervous impulse, falls a little later than the 
period of greatest supernormal excitability of the nerve. 

We have however to consider also the cases in which the contractions 
show two maxima. In determining the recovery curve of one prepara- 
tion I obtained between 19 and 39 minutes the result shown in the 
upper part of Fig. 15. In this curve the supernormal phase is apparently 
interrupted by a rise at -0054 sec. A series of contractions was then 
taken, which has been reproduced above in Fig. 9, and it will be seen 
that the depression between the two maxima of contraction in that 
figure falls at -005 sec. in close correspondence with the break in the 
recovery curve of Fig. 14. This coincidence suggested to me at the 
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time of the experiment that the recovery curve was perhaps double, 
as though composed of the curves of a quickly recovering and of a slowly 
recovering tissue. It was however not justifiable to put so great a 
burden on one divergent point in a curve, and after recording the series 
of contractions I determined the recovery curve again. In doing so 
I thought at first that I found no evidence of the double curve, since 
for longer time intervals after the usual late supernormal phase the 
strength of currént seemed to be continuously greater without any 
second fall. On working out the figures and plotting them I found that 
this second determination, which is the lower curve of Fig. 14, was 
really stronger evidence for the double nature of the recovery curve 
than the earlier determination had been, since it. showed the curve 
falling towards the late supernormal phase along a line which was 
evidently not continuous with the fall of the earlier part of the curve. 
The broken portions of the curves in Fig. 14 indicate their probable 
reconstruction as based on the data from the two determinations. 
I afterwards obtained a pair of curves (Fig. 15, exp. 29) which bring 
out more clearly the double nature of the recovery curve and its corre- 
spondence with the double curve of contractions, In this case it is 
evident that the earlier part of the recovery curve belongs to a substance 
which is less excitable than that to which the later part ofthe curve — 
refers. The early maximum of contraction falls here a little later than 
the maximum of supernormal excitability in the earlier recovery curve, 
and the later maximum of contraction agrees very closely in time with 
the later maximum of supernormality. 
We have obtained by three different kinds of measurement evidence 
of some double system in the adductor mechanism; the relation of 
current strength to current duration shows curves of two types, the 
contractions in response to a second stimulus show two maxima at 
different times, and the recovery curve is sometimes double. The 
- coincidence in time relations of the latter two curves is evidence that 
their duplicity has a common source, and it would seem unreasonable 
not to suppose that the source is the same as that which gives rise to 
the two curves relating current strength to current duration, namely 
the presence in the nerve to the adductor of two excitable substances 
of different. rapidity of reaction leading to the twitch and the slow 
contraction of the muscle. In some experiments the.early maximum 
of contractions and the early part of the recovery curve do not appear, 
_ and this agrees with the fact demonstrated in a previous section of this — 
paper, that the quick substance in the nerve usually requires a stronger 
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current for ite excitation than does the slow substance. It is easy 
to see for example in Fig. 15 that if the strongest current used had 
been only 500%, of the threshold the recovery curve would have 
appeared to be of the simple type. Again this explanation is supported 
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by the presence in the nearly related Homarus of a double neuro-muscular 

system. In Homarus the double system can be demonstrated: more 


clearly than in Astacus, since in Homarus the difference in duration 
of the twitch and slow contraction is visible on mere inspection, and 
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' @ short current will give only the twitch and a long current only the 
slow contraction. 


_ Sueh a double system is probably of economic value to the animal — 


which possesses it. The quickly contracting striated muscles of verte- 
brates! require far greater output of energy per unit of time to main- 
tain a given tension than do the slowly contracting smooth muscles of 
invertebrates*, and it seems likely that the presence of the two systems - 
may combine in the crustacean. claw, as it does in the adductors of 
some lamellibranch molluscs, the ability to close rapidly and the 
subsequent maintenance of hold without undue output of energy. To 
the physiologist trying to study the time relations of summation the 
double system is inconvenient. Even in such a case as that shown in 
Fig. 15 it is difficult to correlate the range of time at which a second 
stimulus gives contraction with the recovery curve of the tissue in 
action; for example it is quite uncertain at how large an interval of 
time the quick system would cease to respond, and it is even doubtful 
what is the shortest interval at which the slow system would first 
give a contraction. Or again even in Fig. 12, though the curves appear 
simple at first sight, it seems riot improbable that the earliest con- 
tractions observed may belong to the quick system; the curve of 
. contractions certainly shows a tendency to turn upwards again at the 
shortest time intervals. For a complete correlation of the time range 
of summation with the recovery curve of the nerve concerned it seems 
therefore that we need to study a case in which the complication of _ . 
two systems of different rapidity can be avoided. In Homarus the 
two systems differ far more widely in rapidity than they do in Astacus, — 
_ and it appears to me from some preliminary experiments which I have 
made that it will be possible there to use a method of selective stimula- 


tion by which only the quick or the slow system will be brought into 


action. In the meantime the present experiments allow the limited — 

- conelusion to’ be drawn that in the slow system at any rate the time 

of optimum conduction of the second nervous impulse agrees approxi- 

; mately with but is usually a little later than the height of the period | 
supernormal excitability in the nerve. 


Two hypotheses have been put forward to account for the fact that 
a second nervous impulse may produce a visible effect on a muscle 


1 Hill. This Journal, xiv. p. 306. 1913. 
* Parnas. Arch. f. d. ges. Physiol. oxxxtv. p. 441. 1910. — 
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after a first has apparently failed. Frohlich! suggests that when © 
the processes in @ nerve are slowed one nervous impulse leaves an — 
‘excitation-remainder’ behind it, and to this a following nervous 


impulse adds itself. In this way a more effective impulse is formed. 
He bases this hypothesis on the observation made by himself and 
Boruttau® that in a narcotised nerve the electric response accom- 
panying a nervous impulse has a prolonged after-effect, and each 


successive electric effect appears to add itself to the residue of its 


predecessor. In other words each successive nervous impulse in the 
narcotised nerve brings the electric condition of the nerve more near 
to that of permanent injury. This fact had essentially been shown 
previously by Wedensky*. It is true that Gotch* found in normal 


nerve that “there is no evidence of a second electrical effect of excita- 


tory type being able to summate with and thus to augment the £.M.F. 


of a state previously evoked by a maximal stimulus,” but Frohlich © 


regards the slowing of processes in the nerve as one of the factors 
- concerned in producing the necessary conditions for summation. 

It is hard to see how this hypothesis can cover the case where the 
- second impulse succeeds and the fifst fails, because no passage of 


impulses has preceded the first impilse, and it is to the slowed remainder ~ 


_ of the first electric response that the second must add itself. Moreover 
Fréhlich has brought no evidence to support the central assumption 
of the hypothesis, that if the x.m-¥. of the electric response accompanying 
@ nervous impulse is increased by the existence of a partially persisting 


previous electric effect that nervous impulse will be better able to be 
- conducted than an impulse passing along resting nerve. Verworn® © 


adopts a scheme of summation which is essentially the same as that of 
Frohlich, since it regards two waves of excitation as being literally 
_ added one to the other and so producing a larger whole. This is 


clearly shown in Verworn’s diagrams of the process. On this view 


then the summation of two nervous impulses is simply their addition, 


and the fact that the first impulse leaves behind it a condition of — 


impaired conduction (refractory state) in the nerve is outweighed by 
the fact that the total state of ‘excitation’ is larger. 


The hypothesis which Adrian and I put forward® is directly 


Frohlich. Ztschr. f. allg. Physiol. 1x. p. 71. 1909. 
* Boruttauand Frohlich. Arch. f. d. ges. Physiol. ov. p. 444. 1904. 
* Wedensky. Arch. f. d. ges. Physiol. c. p. 1. 1903. 
*Gotch. This Journal, xxvmi. p. 32. 1902. 
. 5 Verworn. Irritability, p. 208. London. 1913. 
* Adrian and Keith Lucas. This Journal, xiv. p. 118. 1912. 
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as to that of Verworn and Fréhlich in that it does not suppose 
' @ process of addition to go on simultaneously with and in opposition 
to the refractory state, but supposes the second impulse to succeed 
because it falls at a time when the refractory state is over and has been 
succeeded by a state in which the tissue is temporarily the reverse 
of refractory (the supernormal phase). As tested by the measure of 
excitability we showed that such a phase does occur in frog’s motor 
nerve. We mapped out its course and showed that it followed. con- 
tinuously on the end of the refractory phase!. Evidence of its existence 
had previously been given by Wedensky? and by Garten’, though 
they had not followed out its time relations. Beritoff4 has since 
confirmed what they found. The evidence which we need for the veri- 
fication or rejection of our hypothesis is the experimental proof whether 
a second impulse does give summation when it falls within the super- 
normal phase of its predecessor. On our hypothesis it should: on 
the hypothesis of Fréhlich and Verworn the second impulse should 
produce summation only when it falls before the end of the refractory — 
phase of its predecessor, since (see the diagrams in Verworn, loc. cit.) 
the refractory phase and the state of excitation to which a second state 
can be added are supposed to be coterminous. In the present paper 
it has been shown that in the nerve to the adductor of Astacus, which 
shows summation in a remarkable degree, the supernormal phase is 
very strongly developed and a second impulse succeeds best when it 
falls within but a little later than the maximum of the supernormal 

The present work does not claim to be more than a preliminary — 
attempt to define the time range at which summation occurs. I have 
already referred to the limitations set by the complexity of the neuro- . 
muscular system shown in Astacus. There is an additional difficulty 
which I have not mentioned. The time relations of recovery with 
which the optimum time for summation is compared are those of the — 
nerve trunk. It seems possible that the obstruction which prevents 
the first impulse from reaching the muscle may be some junctional 
tissue; if this is the case it is in the junctional tissue that the second 
impulse must be better conducted, and it is not clear whether the 
arrival of the second impulse in the supernormal phase of the nerve 


1 Adrian and Keith Sains: Loc. cit. Fig. 18. 

* Wedensky. Trav. d. lab. d. physiol. St-Pétersbourg, II. p. 134, 1908. 
- * Garten. Beitr. z. Physiol. d. marklosen Nerven, p. 85. Jena. 1903, 

Beritoff. Zeitech; f. Biol. p. 125. 1913. 
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would be a legitimate reason for its better conduction in the junctional 

tissue, since the course of recovery in the latter might be either quicker - 
or slower than it is in the nerve. 

I hope to be able by experiments on other cases of summation, 

_, nd particularly on summation in the claw of pape to throw some 
- further light on these questions. 


Summary. 
If the nerve to the adductor muscle of the claw in Astacus is excited 
with a single stimulus the muscle may give either a small slow con- 
traction or a quick twitch according to the strength of stimulus used. 


It is shown that the relation of current strength to current duration 


required to produce the twitch differs from that required to produce 
the slow contraction. This indicates that the two kinds of contraction 
are produced by the excitation of different elements in the nerve trunk. 
The excitable substance whose excitation leads to the twitch has the 
shorter excitation ‘time and needs the egoecane current if the current 
duration is long. 

The phenomena of summation in the claw of Astacus described by 
Richet are shown to belong to the type of ‘summation of propagated 


disturbances’ in which the first stimulus, though apparently ineffective, 


does send a nervous impulse down the nerve; this impulse fails to cause 
a contraction of the muscle, but ensures the success of a second impulse 
following it at a suitable interval of time. 


When the neuro-muscular mechanism is in such. a condition that 


the first. nervous impulse fails and the second succeeds, the optimum 
time interval for the success of the second can be determined. This 
is done by sending two stimuli into the nerve at various time intervals 
and finding at what time interval the resulting contraction is largest. 
In this experiment since the first nervous impulse causes no contraction 
the size of the contraction is a measure of the successful conduction 
of the second. 


This the of: in: the necve efter the 


passage of one nervous impulse is mapped out, it is found that after 
| the relative refractory phase there is a supernormal phase of excitability 


in which the current required to excite the nerve may be only 80°, _ 3 


of that required to excite the resting nerve. This phase is more strongly 
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The otlintim time for the summation of a second nervous impulse 
is a time slightly later than that at which the nerve is at the height of 
its supernormal phase after the passage of a previous impulse. The 
bearing of this fact on the hypotheses of summation offered by Adrian 
and Keith Lucas and by Fréhlich and Verworn is discussed. 


The expenses of this research were defrayed in part by a grant from the Govern- 


Dr Kerra Lucas died on Oct. 5, 1916, as the result 
: of an aeroplane accident which occurred whilst he was 

| flying. This Paper was found amongst his effects. It was 
inseribed. “Finished. Aug. 3, 1914.” Dr Keith Lucas 

was but 37 years of age. It is a lasting loss to Science 
| that he has not been left to complete the study of the 
processes of excitation along the lines in which he had 
been so successful, and by the methods over watch he had 


unequalled mastery. ‘Eorror. 
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THE EXCRETION OF UREA AND SUGAR BY THE 


KIDNEY. By ARTHUR R. CUSHNY. 
(Pharmacological Laboratory, Unibersity College, London.) 


Unga is often known as a specific constituent of the urine, and in 
virtue of this its elimination in the urine has been ascribed to a specific 
secretory activity which does not seem to be required in the same 
way by the inorganic salts. The grounds for this special position of 
urea are not stated, and the whole conception seems to date from the 
time when it was believed that urea could only be formed by living 
tissues. The physical properties of urea do not appear to justify its 
_ being treated as apart from the other constituents of the urine. Its 
occurrence in high concentration in the urine compared with the con- 
centration in the blood may afford some apparent justification for 
special treatment, but only as long as it is compared with the chlorides. 
When the concentrations of sulphates in the blood and urine are 
_ examined, however, it.is found that they bear an almost equal ratio 
with those of the urea, and the same is true of the inorganic phosphates 
and of creatinin. Even sugar, when it escapes by the kidney, may 
undergo a concentration of from 0-2 p.c. in the blood up to 10 p.c. 
or more in the urine and thus nearly rivals urea in extent of change. 
The presence of urea in the urine in high percentage does not justify 
its special treatment, therefore, for sugar is frequently present in higher 
percentage; the only sense in which urea can be accorded a special 
position in the urine, is that it is normally present in large amount. 
But this arises from its normal presence in the plasma, and as many 
_ other substances when present in the plasma in small quantities undergo 


an equal concentration on passing into the urine, the special treatment 
of urea hardly can be justified. 


The concentration of the urea in its passage from the plasma to the 


urine has been explained in different ways by the two well-known 
theories of Ludwig and of Bowman and Heidenhain. No direct 
_ experimental evidence was available for either view, but Heidenhain 
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con an analogy between the excretion of sodium soiphialbinaate 
and that of urea, since he could not follow the course of urea directly. 
The accumulation of indigo in the cells and in the lumen of the tubules 
very naturally led him to the conception that urea was also assembled 
in the interior of the epithelium and then discharged in strong con- 
centration into the lumen. And as this concentration of dye occurred 
after section of the cord, which arrested the secretion of urine from the — 


reduction of the blood-pressure, the epithelial cells were evidently 


capable of activity in the absence of glomerular function. Heiden- 
hain’s views in regard to the passage of dyes through the kidney 
can scarcely be maintained in the light of the newer work of Basler! 
and Suzuki*, who have shown that the dyes appear in the urine long * 
before they occur in the interior of the cells, and on the other hand 
that the maximal staining of the epithelium takes place long after the 
greatest concentration in the urine has passed off. But the view is 
still widely held that the concentration of the urea takes place in the 
tubule cells quite independently of the aphid of the glomerular 
capsule. 

Tt seemed possible to test this by comparing the amount of urea 
in the kidney in animals in which the urine was being secreted normally 
by capsule and tubules, with that in the kidney whose function was 
_ impaired by reduced blood-pressure and which was secreting no fluid. 
I have therefore repeated Heidenhain’s experiments by section of 
the cord, but instead of injecting a dye and examining the kidney 
histologically, I have estimated the urea chemically. 

A ligature including the ureter and vessels was tied about 1-2 cm. 
from the kidney ‘and the whole excised, cleaned from fat, etc., and cut 
into small pieces and ground thoroughly. The thick somi-Aiuid mass 
was then washed into a high cylinder and powdered soy bean was added, 
and the urea estimated by Marshall’s method as given by Plimmer. 
The kidney emulsion and urease was heated to about 40° and then 
allowed to stand at laboratory temperature over night before the 
ammonia was driven over. In some experiments the kidney emulsion 
was heated to 100° and then cooled before the soy bean was added. 
In another the emulsion was extracted with alcohol and ether and the 
solution filtered off and evaporated down and then treated with soy 
bean. The whole of the urea seemed to be extracted in this way, but 
it oo no advantages over the simpler method and was not repeated. 


1 Pfliger’s Arch. f. d. ges. Phys. oxn, p. 203. 1906. 
® Zur Morphol. d. Nierensekretion. Jena. 1912. 
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The first estimations were made to ascertain whether the kidneys 
contain approximately equal proportions of urea normally. In the 
first of these the rabbit was killed by a blow on the head and the two 
kidneys were immediately excised. In the other rabbits the cord was 
divided at the level of the atlas under urethane anesthesia and* the 
animal was kept alive by artificial respiration for 1-2 hours, after which 
the kidneys were excised. In one cat the cord was divided and a wire 
passed down the spinal canal 1} hrs. before the kidneys were excised. 


TABLE 1, 
Left kidney 

2 Rebbit 415 108 445 re Cord cut 2} hrs. before. 
3 Rabbit 5-4 070 0-72 Cord cut 2 hrs, before. 
Rabbit 7°15 0-57 0-54 Cord cut 1 hr. before. 

Cat 13-85. 156 1-67 Cord cut 1}hrs. before. 


_ The urea in the two kidneys thus appears to be practically equal 
when computed in milligrams per gram of kidney weighed immediately 
after excision. In two experiments on cats the urea in both kidneys 
was estimated together. In the first which was killed under anmsthesia 
but without bleeding the two kidneys weighed together 53 gms. and 
contamed 0-0937 gm. of urea or 1-77 mgs. per grm. kidney. The other, 
a smaller animal, was bled to death and the two kidneys weighed 19 gms. 
and contained 0-0448 gm. urea or 2-36 mgs. of urea per gram of kidney. 

The urea contained in the kidney in these experiments thus varied 
between the'limits of 0-5-2 mgs. per gram of kidney containing blood, 


but rose to about 2-4 mgs. in one experiment on a bled animal. Folin — 


and Denis! found in the rabbit's blood 13 mgs. of urea nitrogen in 
100 gms., which is equivalent to 0-28 mg. urea per gram, while in the 
cat's blood it varied from 20-37 mgs. per 100 gms. according to the 
diet; this is equivalent to 0-43-0-8 mg. of urea per gram. The kidney 
of the rabbit may thus contain urea in seven times as great concentra- 
tion as the blood, but may also contain less than twice as much as the 
blood. The cat’s blood may also contain urea in about half the con- 
centration in which it is found in the kidney. The low concentration 
in the kidney is surprising in consideration that the tubules must 
contain traces of urine which may hold urea in 60-100 times the con- 
centration in which it occurs in the blood. Thus in a cat experiment in 
| 4 Journ, of Biol, Chem. xxv. p. 20, 1918. 
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which the kidneys contained 1- 77 mgs. the 


was found to have 12 p.c. of urea or 120 mgs. per ¢.c. Here if the 
kidneys, of 53 gms. weight, had contained 0-6 c.c. of urine, this would 
have accounted for 72 mgs., leaving 21 mgs. for the whole of the kidney 
substance of 53 gms.; this is 0-4 mg. per gram of kidney, which corre- 
sponds to the minimal observed by Folin and Denis as occurring in 
the blood: When the high content of urea in the urine is taken into 


consideration, therefore, there seems no reason to suppose that any 


significant accumulation of urea occurs in the interior of the renal cells. 
In four experiments the content of urea in the normal kidney was 
contrasted with that of the kidney after section of the cord. The 
rabbit was anesthetised with urethane, cannule were put in the carotid _ 
artery and in the trachea. The blood-pressure was registered and 

artificial respiration begun, and the cord was exposed at the level of the 
atlas. One kidney was excised by a lateral incision, generally without 
opening the peritoneum, and the cord was divided immediately after- 
wards. In some experiments a cannula was inserted into the ureter 
on one side; the opposite kidney was excised. No urine was secreted — 
after section of the cord. The blood-pressure fell to about 20 mm. 
immediately and remained at 15-22 mm. during the rest of the experi- 
ment. The second kidney was removed 1-1} hours after section of 
the cord and each was mashed up and its urea content estimated as 
has been described. In Table 2, the kidney excised before section of 
the cord is termed ‘normal,’ the one excised later ‘operated.’ In some 
experiments the right kidney was first excised, in others the left; 
there was no difference in the results. oe 


Normal kidney Operated kidney 
Wtin Ureainmg Wt.in Urea in mg. 
No. grams per gm. per gm. 
6 44 18 5-4. (Left) 0-6 
56 161 50 (Left) 1-30 
ef 0-92 4°55 (Left) 0-44 
9 5-9 2°15 5-65 (Right) 0-8 


she which was excised at the time 


at which the cord was cut, uniformly contained more urea altogether 


and in percentage than the kidney which remained in the body fq \ 


hour or more afterwards. In Heidenhain’s indigosulphonate expan 


ments, the stain accumulated in the renal cells and tubules in anir ie 
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describes for his stain, the surviving kidney should have contained more 
urea than the one removed earlier. It is obvious that the analogy 
between urea and Heidenhain’s stain does not hold. 

In the experiments given in Table 1, the content of urea in each of 
the kidneys excised at the same time is shown to be practically equal, 
so that it may be assumed that in the experiments of Table 2 each 
kidney contained the same amount at the time that the first was excised. 
The kidney removed later always contained less urea absolutely and in 
percentage of its weight, so that urea must have escaped from the 
surviving kidney in the interval between the section of the cord and its 
removal. This escape did not take place through the ureter, for in the 
two last experiments a cannula was placed in the ureter before the 
section of the cord and no urine was passed afterwards. And the 
ureter above the point where the cannula was inserted was added to 
the kidney for the estimation of urea. The loss of urea from the 
‘operated’ kidney must have been through the lymph or blood therefore. 
Thus when the secretion of urine is arrested by the reduction of the 
blood-pressure from section of the cord, not only does the secretion of 
urea cease, but that already present in the kidney is slowly removed 

by the ‘blood or lymph. ° 

. The arrest of urea secretion under a very low blood-pressure is thus 
incompatible with Heidenhain’s view that the urea like the stains, 
as he supposed, is concentrated in the kidney cells independently of 
the flow of urine. It is not in any way opposed to other views of 
active secretion in the kidney, for it may very well be supposed that 
- the reduced blood-pressure is insufficient to maintain the secretory 
cells in activity. But the behaviour of urea in my observations seems 
to destroy the cogency of the chief argument for the specific secretion 
of urea by the renal tubules, for this view rests for the main part on 
Heidenhain’s observations on the behaviour of the stains. The 
other grounds which are held to support specific secretion are not 
touched by my observations and will be dealt with elsewhere. _ 


The. secretion of sugar. 


The older writers (Bowman, Ludwig, Heidenhain) held that 
the sugar in diabetes is excreted through the capsule, Since the glyco- 
suria from phlorhizin was discovered, however, it has been widely 
stated that this glucoside arouses the cells of the tubules to secrete 
sugar actively, and this seems to have led to a reversal of the older 
view and to the belief that the sugar of diabetes is also actively secreted 
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*  KIDNRY SECRETION. 


by the tubules. It seems only probable that the sugar is eliminated 
by the same cells in each of these forms of glycosuria; for it is hardly 
possible that ‘phlorhizin imposes a new function on cells which are 
normally indifferent to sugar; since poisons do not arouse new qualities 
in cells, but only increase or decrease their normal function. 

The view that phlorhizin lowers the threshold at which the 
epithelium of the tubules normally react to the sugar of the blood by 
secretion is based chiefly on experiments on frogs in which the 

_ glomerular circulation was eliminated ; these are not entirely convincing, 
but need not be discussed here. Pavy, Brodie and Siau!, while 
admitting the older view of the glomerular origin of other forms of 
glycosuria, hold that under phlorhizin the tubule cells assume the 
new function of forming sugar from the proteins of the plasma and 
_ eliminating it; this is based upon their observations that the amount 
‘of sugar in the ‘urine’ from a perfused kidney may exceed that of the 
blood passed through it, and that in animals after ablation of the other 
abdominal viscera the kidney may excrete more sugar than was con- — 
tained in the whole of the blood. The method of estimation of the 
blood-sugar is not given, and it is therefore impossible to ascertain how 
accurate it may have been. But the perfused kidney is now recognised — 
to be valueless as a means of investigating the function of the living 
organ unless very special methods are adopted, which was not done 
in their experiments. And in the experiments with ablation of the 
organs, there is no proof that the formation of sugar occurred in the 
kidney rather than in the muscles and other surviving tissues. One 
cannot help feeling that more importance has been laid on these experi- 

_ ments than they merit. Loewi? also held that the cells of the tubules 
were enabled by phlorhizin to release the sugar of the blood from a 

- supposed combination in which it ordinarily exists and to secrete it; 

: | but the blood-sugar has since been shown to circulate in uncombined 

form, so that this view needs no further discussion. The experimental 

‘ observations on which it is founded have been disputed by Weber’. 
| have made some experiments on cats under phlorhizin along the 
same lines as have been described already for urea. The animals were 
anssthetised with paraldehyde by the stomach tube except once when 
urethane was employed. Phlorhizin (0-2-0-5 gm.) was injected hypo- . 

-dermically and an hour afterwards the carotid artery was attached to 


1 This Journal, xx1x. p. 467. 1903. 
* Arch. f. exp. Path. u. Pharm. xivitt. p. 410, 1902. 
Tbid, tiv. p. 1. 1906. 
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42 A. R. CUSHNY. 
@ manometer, artificial respiration was instituted and. the atlas exposed. 
- The left kidney was then excised, the cord was cut across between the 
atlas and occiput, and a wire was passed down through the spinal 
canal as far as the dorsal region. This was found necessary in the cat, 
as the blood-pressure remains about 40-50 mm. Hg. after section of 
the cord, and the secretion of urine is not always arrested. A cannula 
was put in the bladder before the section of the cord in order to 
observe whether any urine was secreted. An hour after the section of 
the cord the right kidney was removed. 
Each kidney cleared from fat, etc., aud: it 
was excised. It was then chopped up and ground, some water was 


It was then left for 1-2 hours before 


_ the sugar was estimated. This was done in the same way as the blood- 
sugar estimation; the colloids were precipitated by dialysed iron and 
sodium sulphate by Michaelis’ method and the sugar was then ascer- 
tained by Bertrand’s method. Each kidney emulsion was divided 
concordant results. 
TABLE 3. 
Wtin Sugarper Wt in 
grams gram grams 


il 199 43 165 45 Urine in bladder had 3 % sugar. — 
854 45 Urine in bladder had 6-3 % sugar. 
13 9-5 6-63 8-45 16 Urine in bladder had 5-35 % sugar. 


In these experiments again the small amount of sugar present in 
the kidney is remarkable considering the high content in the urine. 
For example in exp. 13, 1 c.c. of urine contained 53-5 mgs. of sugar 
which is nearly as much as that contained in either kidney. A very 


small amount of urine in the collecting tubules would thus account for 


_ most of the sugar found in the kidney. The concentration of sugar in 
the two kidneys is practically equal in each experiment, the slight 
advantage being on the side of the surviving one. It-is to be remarked 
however that the kidney remaining after the section of the cord always 
contained less blood than the one excised earlier, and as the concen- 


tration is calculated for the whole organ containing blood, this is 
probably sufficient to account for the small difference in sugar con- 
centration. In each experiment except the last the total sugar in the 
right surviving kidney was lower than in the left which had been excised 
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KIDNEY SECRETION. 
_ It may be inferred then that under phlorhizin the mammalian 


_ kidney is unable to accumulate sugar in its tubules or cells after the 
flow of urine has been arrested by section of the cord. 


The arrest of the secretion of urea and sugar by the kidney along 
with that of the water and other constituents is what is to be expected 


_ on the view that, the whole of the urine escapes through the capsule 


by filtration. On the other hand it is not incompatible with the theory 
of specific secretion. For it is quite probable that the reduced blood 
supply may impair the activity of the cells of the tubules. I am not 
aware of any histological examination of the tubule epithelium having 
been made after division of the cord, but a reduced supply of oxygen 
has been shown repeatedly to lead to degeneration of the cells. And 
Bainbridge and Beddard state that in the frog cutting off the 
glomerular blood supply leads to degeneration of the epithelium even 
when it continues to be supplied by the portal renal system. 

In this connection I measured the outflow from the renal vein 
by Barcroft and Brodie’s method in a decerebrated cat before and 
after destruction of the cervical spinal cord. The time required to 


‘fill a 2¢.c, pipette with blood was measured by a stop-watch. 


‘Before pithing 3-4, 3-2, 3-5, 3-5, 3-5.secs. (Average = 3-4), B.P. 28 mm. 
After pithing 9-8, 9-7, 10, 9-6 secs. (Average = 9-8), BP. 36mm. 


The blood flow through the kidney was thus reduced about 60 p.c., and _ 


it is quite conceivable that this sufficed to arrest the activity of the 


— cells. 

But while my results are reconcileable with either view of the 
secretion of the kidney, they are opposed to Heidenhain’s experi- — 
ments with sulphindigotate and indicate that, if his interpretation is 
correct for this stain, it differs entirely in its behaviour in the kidney 
from urea and sugar (under phlorhizin). The analogy which has 


been drawn between urea and sulphindigotate thus fails and with it 
the chief argument in favour of the view that in mammals urea and 
_ sugar are concentrated and secreted by the epithelial cells of the tubules. 


me When the spinal cord is severed no accumulation of urea occurs 
in the kidney, and similarly —— ceases to cause the accumulation 
of sugar. 
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44 A. R. CUSHNY. 


2. Urea and sugar thus are not excreted in the way which Heiden- 
hain describes for the sulphindigotate of sodium, and all conclusions 
drawn from this analogy are erroneous. The site of secretion for urea 


and sugar therefore remains undetermined, and experiments on mam- | 


mals offer no grounds for supposing that it differs _— _— of ~ 
other constituents of the urine. 
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ON THE LOCALISATION OF THE CALCIUM AND 
POTASSIUM SALTS CONCERNED IN THE MEDI- 

Co ATION OF THE ACTION OF THE VAGUS NERVE 
tbs THE HEART OF THE fing By W. BURRIDGE. 


(From the Physiological Oxford.) 


Fontowine on the discovery by Schiffas) that perfusion of the frog’s 
heart with an isotonic solution of sodium chloride is followed by loss 
of vagus action, Busquet and Pachon were able to show that calcium 
is concerned in the mediation of the action of the vagus nerve on the 
heart(7) and further that this calcium must be present in an ionised 

- form(s). On the other hand, Howell and Dukes) found that excita-. 
tion of the vagus nerve increases the output of potassium salts from the 
heart. Howell(14) also noticed that an excess of potassium salts in 
the perfusing solution abolishes vagus activity. There is, thus, good 
evidence that both calcium and potassium salts are concerned with 
the mediation of vagus activity in the heart. Certain possibilities 
arising from these facts were examined by Hagan and Ormond), 
but without any definite result. The experiments below, however, 

- give a definite result and show that calcium salts are essential to the 

complete passage from the preganglionic nerve fibres to the heart 
ganglia, and that potassium salts favour the action of the terminal 
structures concerned in vagus action. 

Method. The experiments have been carried out on the hearts 
of rana temporaria perfused im situ through a cannula tied into the — 
inferior vena cava. The vago-sympathetic trunk was excited in the 
neck. :The local nervous system was excited by placing the terminals 
round the base of the ventricle and using faradic currents in sufficient 

_ strength to cause feeble fibrillary twitchings of the pectoral muscles. 
Excitation of the local nervous system of the heart thus depended on 
current spread. 

It will be convenient to give here what is meant to be covered by 
the term “‘Ringer’s Solution.” It is intended to mean a mixture of 
the salts of sodium, calcium and potassium on which the heart can 
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46 W. BURRIDGE. 


maintain relatively undiminished activity over a period of one hour. 
The definition includes the original solution recommended by Ringer, 
his own modifications of it, the modifications introduced by subsequent 


workers, and also many other modifications. Locke’s solution does 


not come under the definition itself, but forms no exception. . 
The analysis of the part played by calcium and potassium salts 


in the mediation of the action of the vagus nerve depends on the effects 


observed following treatment of the heart with a high concentration of 
potassium salts (1%/,-5%/ KCl). Immediately after such treatment, 
and at a time when the heart has fully recovered its amplitude of beat 
- a8 compared with that existing before exposure to the potassium, 


excitation of the vago-sympathetic trunk is not followed by cardiac 


inhibition. Appropriate introduction of calcium into the perfusing 


solution restores thisaction. This effect has been considered elsewhere (2). 


When the base of the ventricle 
of the frog’s heart is faradised with 
currents of the strength earlier 
mentioned the effects observed are 
such as would be anticipated if one 
followed theline of reasoning adopted 
by Engelmann@l). According to 
him, some one shock will fall on the 
heart and excite. it approximately 
at the point where the returning 
excitability associated with diastole 
is sufficient for the heart to become 
excited by the strength of shock 
used. During the period of faradisa- 
tion there should, thus, be observed 
two chief changes : (1) an incomplete 
19 Heart perfused witli Ringer’s ‘Telaxation of the ventricle as com- 

solution and base of ventricle fara- pared with relaxation from spon- 

dised between the marks + and 4.. taneous contractions, for :a new 
Stimulus capable of exciting the 
disation start at the same amplitude Ventricle will fall on it before it 
_ as the level of the ‘summation-linc.’ has completely relaxed; (2) a-more 
The amplitude on restarting after rapid rate of beat evoked by these 
shows high variability: grtificial stimuli than by the normal 


pacemaker, for the action of the 


latter, although discontinuous, never 
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SALTS AND THE VAGUS. 47 


coming on during the period of faradisation start from a base-line 
which is at a higher level than the base-line whence the spontaneous 


some fusion. 
‘The reasoning just employed although in accordance with the 


_ observed facts takes no account of inhibition. But the strength of 
eurrent used was such as to cause by spread feeble fibrillations of the 


pectorals,-so that in the course of that spread it presumably also excited 


_the local nervous mechanism. Nevertheless the possibilities have to 
_be met that the method of excitation failed to excite the local nervous | 
‘mechanism, or that the latter may be relatively inactive in presence of | 
_Ringer’ssolution. These possibilities are decided by noting the changes _ 
in the reaction of the heart when Ringer’s solution is substituted for 


These effects are shown in Fig. 1. It is to be observed that the beats : 


contractions start (systole being represented by the upstroke on the — 
tracing); and that the beats come on so froyaently as to give rise to 


blood as the medium bathing the heart wall. When stimulation as 
described above is applied to the heart containing blood it gives effects — 
predominantly inhibitory every time. Some excitation does occur, 


It shows that the method of excitation employed does reach the local 
inhibitory mechanism, and that Ringer’s solution is not a suitable 


but only as partial incomplete breaks in this inhibition. Directly 
after the blood has been replaced by Ringer’s solution the same form > 
-_of stimulation gives effects in which, as we saw above, excitation pre- 
dominates every time. The explanation of this change from a process — 
_ of inhibition to a process of excitation has been dealt with elsewhere (4). | 


medium for a manifestation of its activity as elicited by the mode of 


stimulation employed. Its unsuitability arises from a relatively too 
high ealcium tension. As judged by this method of analysis, the 
‘balance’ of the inorganic constituents of Ringer’s solution never 
approximates to the balance existing between those same elements in 


_ the blood. 


Directly after the heart perfused with Ringer’s solution has been 
treated with a high concentration of potassium salts, the mode of 
stimulation employed gives effects in which inhibition tends to predomi- 
nate over excitation. The predominance may be complete, but is 
usually partial. It is not possible to give a description of the effects 
observed, because they varied every time, as was indeed to be expected 
in an organ subjected to mixed forces of inhibition and excitation. But 


outside those cases in which visible cardiac activity ceased during the 


period of faradisation, the evidence for the statement that inhibition 
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W. BURRIDGB. 
tended to predominate over excitation i is obtained from the facts that 


during the period of faradisation (1) the rate of heart beat was slower 


than when beating spontaneously, (2) the beats were irregular in time 
and amplitude, (3) the beats were less in amplitude than the spontaneous 
contractions though starting approximately from the same level as 

_ represented on the tracing. An example is shown in Fig. 2. 

The time at which treatment with potassium salts favoured inhibi- 
tion obtained from the local nervous mechanism, corresponded with the 
time at which they hindered inhibition obtained from the vago-sym- 
pathetic trunk... Hence the calcium salts favouring vagus activity 


Fig. 2. i 
Fig. 2. A. Contraction evoked by 5 % KC1(N.S.P.R.), relaxation therefrom and effects 
predominantly inhibitory evoked from the heart by faradisation after resumption 
of spontaneous activity. Base of ventricle faradised between marks + and }. 


Time in half-seconds. 


can be placed as concerned in the asain transmission (reception ?) 

across the synapse, and the potassium salts asMavouring the activity 

of the peripheral structures. 

_ General remarks. The conclusion that the calcium salts mediating 
the action of the vagus nerve on the heart form an integral part of the 
structures more particularly concerned in transmission of the nervous 
impulse from preganglionic fibre to the peripheral ganglion itself is 
fortified by a number of observations made by others: Chiari and — 
Frohlich) found that the autonomic system was excited by aaananes, 
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3 itn: that the exaltation was due to loss of calcium, and Januschke (15) 


that calcium antagonised this action of oxalates. Elliotqo) has 


pointed out certain analogies between the synapses of the autonomic 
_ nervous system, and the “nerve-endings” of skeletal muscle, and it 
has been found that when nicotine excites certain contractions in 


musele these contractions have place in the same structures as are 
excited when the muscle is exposed to the action of oxalates(5), (6). 


Tt is also the case that the exciting action of nicotine on muscle is 


accompanied by a block to excitation across the nerve ending (16), and 
that calcium salts are essential to the excitation across this nerve en 
Hence, taking all these facts together, it seems possible that calétum : 
salts are not only essential to excitation across the synapse as found 


above, but also that they are situated in the structure on which 


nicotine acts in particular. 

That potassium salts should favour the sails action of the 
vagus nerve is in accordance with the known inhibito-mimetic action 
of potassium, with which one would associate the names of amen 
and and others. 


. SUMMARY. 


: 1. Faradisation of the base of the frog’s ventricle gives effects 


predominantly inhibitory when the heart contains blood, and effects 
predominantly excitatory when the heart contains Ringer’s solution. 

2. After treatment of the perfused frog’s heart with potassium 
salts the capacity to be inhibited from the vago-sympathetic trunk is 
lost, and the capacity to be inhibited by the faradisation of the local 
nervous mechanism is regained. 

3. The capacity to be inhibited from the vago-sympathetic trunk 
following treatment with potassium is restored by calcium. 

4. It is suggested that the calcium salts mediating the action of — 
the vagus nerve on the frog’s heart form an integral part of the structure, 
whatever it may be, on which nicotine acts. 

5. The potassium salts concerned in vagus action are situated at 
the “nerve-endings” in the muscle. 


~ In conclusion I wish to express my indebtedness to Professor 
Sherrington for facilities to carry out the work. 
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SOME OBSERVATIONS ON THE ACTION OF GUANI. - 


: DINE ON FROG’S MUSCLE. By JOHN 8. MEIGHAN. 


NH 
GUANIDINE, is basic substance which occurs 


in the body in arginine and. probably in other constituent parts of the 


protein molecule and also methylated and combined with acetic acid 


in creatine and creatinine. With mineral acids it forms neutral salts 


_ and the action of these on the muscles and the nervous system has 


been studied by several investigators. : 

In the excised muscle of the frog guanidine produces twitchings 
which were described. first by Gergens and Baumann in 1876 and 
later by Fiihner() in 1908 and by Camis@) in 1911. As regards 
the factors modifying these twitchings, the exact seat of action of the 
substance, and its effects upon the excitability and contractility of — 
muscle, these workers are not in agreement. Fiihner maintained that 
the maximum effect is produced by a solution of guanidine hydrochloride 


of from -05 to -025°/, and that stronger solutions were less effective. 
' He also concluded that the action is upon the nerve-endings, and that 


a “curare” or paralysing action succeeds the stimulation. Camis 
states that the power of producing twitches varies directly with the 
strength of the solution up to 1-1, 4.e. a solution isotonic with the 
plasma ; while the action on contractility is to increase it in strengths 
below -03°/,, and to decrease it in solutions of from -03 to -1%,. He 
maintains that the action is upon the muscle substance and not upon 


the nerve-endings. Langley(@) argues in favour of the action of 
- guanidine being a post-neural stimulation; 1.c. an action not on the 


nerve itself but on some substance (so-called “receptive substance”) 


round about the nerve-endings. Lauder Brunton(4), quoting from 


Luchsinger(), says that at high and low temperatures guanidine 
has no effect on frogs. Three frogs were injected with guanidine i in 


exactly the same way; one was placed in iced water, another in water 
at 18°C., and another in water at 32°C.; twitchings were observed to 


occur only i in the second frog, the first and third remaining unaffected. 
4—2 
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J. B. MEIGHAN. 

Further, a frog injected with guanidine showed more violent twitchings 
when placed in water at 25° OC. than when in water at 18° C. while in 
water at 32°C. no twitchings were apparent. He concludes from this 


_ that moderate rise of temperature, within certain limits, increases the 


effect of the drug; although a great rise completely destroys it. 

So far as I am aware, these observations have not been repeated. 
Further work on the question therefore seemed desirable and in the 
present investigation the following points were studied: (1) the strength 
of solution which produces the most marked twitchings; (2) whether 
guanidine has a “curare” or paralysing effect on muscle; the seat of 
this action, and what strength of solution soonest produces it; (3) the 
influence of temperature upon the action. of guanidine. 
The first experiments were made by placing the skinned hands and feet 
of frogs in various strengths of guanidine hydrochloride solution. In 
each case, three frogs were taken; the hand and foot of the right side 
of the first frog (a 1) were placed in 1°, solution; of the left side 
(a 2) in +12%, solution. The right hand and foot of the second frog 


(61) were placed in -5°/, solution, the left (62) in -06%,; the right 
hand and foot of the third (¢ 1) in +25), and the left (c 2) in -03,. 


The time of production of twitchings and their strength varied in the 
several experiments. Detailed results of three experiments are given 
in Table I. Similar observations from muscle-nerve preparations 
immersed in guanidine solutions are to be found in bi II. 


Tasiz I, 
Expr. 1. ‘a, young female; b, young female; 
—<—== continued twitching ; sl. = slightly. 
in mins,.......° 2 3 4 4} 
al 1% |. hand, 
foot. 
b1 5%, foot, 


strong 
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| ; Exr. 2. a, grown female; , grown male; c, young female, 


3 54 


8 
hand 
al. al. 
foot foot 
al, 


strong 

foot, 

b2 — hand hand. — hand 
foot 

strong 


E 


03 % 


Expr. 3. a, full-grown male; 6, young male; c, grown male. 


— ‘rong: 
hand foot 
sl. very 


hand 


a2 601% 


- These experiments indicate that a solution of guanidine hydro- 
chloride of from +25%/, to -06%, produces the strongest twitches in 
frog’s muscle, acts soonest in doing so, and that the twitches in a 
solution about -25°/, are longest continued. 

(2) “Curare” action of guanidine. To investigate the question of 
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the reputed “ curare’’. or paralysing action of guanidine, pialeaiaiec-. 
- cnemius preparations were placed in a trough containing the solution, 


running down the scale of concentration from 1°/,; curare-like action 


was tested for in each experiment after the maximal twitches had | 


occurred, by stimulating the nerve and muscle separately. The lever 


Fig. 1. 2. 
Fig. 1. Frog’s gastrocnemius in 1 % guanidine, | 


Fig. 2. Frog’s gastrocnemius in 05% guanidine. The twitchings the 


Fig. 3. Gastrocnémins in 0-25 % guanidine, showing maximal twitches, 


to which the muscle was attached was carefully counterpoised and 
left on a very slow moving drum so as to record the spontaneous con- 
tractions. The results of these two sets of observations are given in 
Table II. 

These observations show that guanidine i in sai down to -02 %, 
exercises a secondary curare-like action. 
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normal 
5% 37 mins, Ihr. 4 mins. none marked 
25% 58 mins. hr. 19 mins, 2 hes. slight 

| 3 hrs, none 


12%  2hra 47 mins. 2hrs, 63 mins. 3hrs. 27_mins. normal 
none 


08% hrs. 20 mins, Shrs. 35 mins. Shrs. 55min, _,, 
4hre.25mins. 
none 
06 % 4hrs. 52 mins. 4hrs. 52mins. ShreSmins. 
3% Notwitches 46 mins, normal 


No twitches ‘al. reduced 


OY “No twitches and no change in reaction 


(3) The effect of temperature on guanidine action. The effect of 
temperature upon guanidine action was tested by placing a frog’s 
gastrocnemius .attached to a lever, in a tube surrounded by a water-bath. 
In the first experiment, -25°/, guanidine solution was rena into ai 
tube and the whole cooled down with ice. _ 


4 
ABLE II. al, = slightly. 
wea of sol. commenced in in stimulation stimulation Fig. “ 
1 
2 
3 
4 
4 
4 
4 
; 
ext sl. reduced 
none 
Control 5 hrs, 45 mins. normal 
none 3 
Control 5 hrs. 45 mins. normal 
| normal 
Z 4 
3 
of 
4 


56 MBIGHAN. 


It is seen from the tracing (Fig. 4) that the effect of the reduction 
of temperature is not so much to check the twitches as to decrease their 


frequency; even at 6°C. fairly strong twitches were recorded. 


The tube was then very gradually heated up, and it was observed 
that above 15° C. the behaviour of the muscle was of a different nature 
from that previously recorded; there were now no definite contractions 
of the muscle, only a sort of fibrillary twitching which although very 
marked did not show on the trace, because the lever was not pulled 


down. 


The experiment was repeated, heating up as before, and then cooling 
down by placing ice in the basin holding the tube. As before, tremors 
with no definite contraction of the muscle supervened on raising the 
temperature above 20°C.; on cooling down, they completely stopped 
below 6° C. 


lowering the temperature. 


In a third experiment, after obtaining twitches at room . temperature 
(15° C.), the fluid was heated up and a marked increase in the extent 
and frequency of the twitches between 17° and 22°C. occurred. Above 
this, tremors supervened and continued while the temperature was 
further raised (Fig. 5). A control experiment was made by placing 


») 2 sciatic-gastrocnemius preparation in a bath of Ringer-Camis solution 


and heating up as before. The temperature was raised from 13-4° C. 
(room temp.) to 40°C.; no spontaneous contractions were observed 
at any stage ideas the normal heat rigor — commenced at 40° C. 


These show 
(1) That the higher strengths of guanidine are tees 
productive of spontaneous twitches in frog’s muscle than the = 
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ACTION OF GUANIDINE. 


With reduction of the concentration from 1°/,, the twitches increase 
and are maximal in -25°%/, to -06°/, solution. Below this strength, 
there is a sudden reduction in the extent of the twitches, the time of 
onset being correspondingly delayed. | 


(2) That guanidine exercises a “curare” or paralysing effect on 


nerve-endings in muscle, which varies with the strength of the solution 
in the sense that it occurs sooner in a strong than in a weak solution 
down to -02°/,, below which paralysis was not observed. The con- 
clusion seems inevitable that guanidine acts, not on muscle-fibres, but 
either on the nerve-endings or on the “receptive substance” supposed 
by Langley to exist in proximity to the endings. 

(3) As regards the effect of temperature, the results appear ne : 


Fig. 5. Gastrocnemius in 0-25 % guanidine, showing increased 
twitches on raising the temperature. 

confirm Luchsinger’s conclusion that a moderate rise of temperature 
(5° ©.) increases the effect of guanidine, but not the conclusion that a 
great rise (25° C.) completely destroys it; in the first and third experi- 
ments, the tremors continued with. the rise of temperature and were 
finally stopped only by the onset of heat rigor. The difference in the 
character of the twitches, i.e. the change from definite contractions to 
tremors, suggests the possibility of the guanidine affecting the muscle 
in @ different way at the higher temperature. 

The effect of cooling seems doubtful; with a fall to 6°C. there is 
a slight reduction in the frequency of the twitches, although, after 
heating, with the consequent change in the character of the twitches, 
there is complete stoppage of the tremors on cooling down. But the 
results do not show that 0° C. completely inhibits guanidine twitches. 
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My best thanks are due to Mr Burns (lecturer in the Department) 

for his generous assistance in the preparation of the various solutions ; 

_ also to Prof. Noél Paton for many valuable suggestions and much kindly 
encouragement. 
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THE VOLUME OF THE DEAD SPACE IN BREATHING 
AND THE MIXING OF GASES IN THE LUNGS OF 
MAN. By A. KROGH ann J. LINDHARD. | 


(From. the Laboratory of Copenhagen University.) 


Tue problem concerning the volume of the dead space in the air 
passages of man has been much debated of late years. Up to 1904 
the measurements of Zuntz and Loewy(}) on the bronchial tree of 
a corpse were generally accepted as giving at least a good approximation 
to the volume, and by the Zuntz school of physiologists and many 
others the figure found (140 c.c.) was used for calculating the composi- 
tion of the alveolar air from that of the mixed expired air. When 
Haldane and Priestley @) had invented the direct method of taking 
samples of alveolar air they utilised this also for determining the volume 
of the dead space, comparing the CO, percentage of the alveolar air 
with that of the total expired air according to the formula’ 

EC, =(E D)C,. 


deep expiration and determined the composition of the alveolar air 
in separate experiments. The results varied by about 30°, on either 
side of the mean, which was 142 c.c. for one subject and 189 for the 
In 1911 Siebeck®@®) introduced a new modification of the method 
invented by Haldane and Priestley which gave much more con- | 

sistent results. He took an inspiration of between 500 and 1000 c.c. 

pure hydrogen and made an expiration of similar depth into a small 

spirometer. At the end of the expiration a sample of alveolar air 
was drawn, and the air in the spirometer as well as the alveolar sample 


were analysed for hydrogen. By a special series of experiments 


1 In the following Z means the volume of the expiration, D the personal dead space, 

and d the additional instrumental dead space, (, O and H percentages of CO,, O, and H, 

tively. 
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_ Siebeck showed that after the expiration of about 300 0.0.1 the 
alveolar air after a single breath of hydrogen of constant volume had a 
H, percentage which was uniform enough for his purposes. The varia- 


2 


tions amounted to some 2 to 3 p.c., and the later portions did not contain — 


appreciably less hydrogen than the earlier, Siebeck points out the 
advantages gained by employing a gas, which is not normally present 
in the inspired air, in that the differences in composition between the 


gas from the dead space and the alveolar air become much larger and : 


the influences of the unavoidable errors therefore smaller. 

Siebeck obtained very regular results in series of experiments 
on the same subject during rest and with natural respiration and 
concluded from his determinations on different subjects that there are 
individual differences which may amount to 50.c.c. He showed further 
that the depth of respiration has no measurable influence upon the 
dead space, which varies however with the volume of air in the 
lungs—the “ Mittellage”—being for instance in one case 109 c.c. with a 


“niedere Mittellage,” 135 c.c. after an inspiration of normal depth (500 — 


to 600 ¢.c.), 152 c.c. after an inspiration of double the normal depth — 


and 193 ¢.c. with as much air in the lungs as possible. 


In 1912 Haldane and Douglas(4) published a series of diiheninn: 


tions by means of CO, of the dead space of Douglas made during rest 
and during walking at varying rates. They obtained the (to us) startling 
result that the dead space became regularly increased with the increasing 
hyperpneea and rose from 160 c.c. during rest in bed to the astonishing 
_ figure of 622 o.c. during work involving a ventilation of 611. per minute 


and @ volume of each breath of 3150c.c. They attributed the increase — 


to active bronchial dilatation and assumed that the increases in diameter 
of the bronchioles were brought about by a physiological regulation 
and would. diminish effectively their resistance to the flow of air. 

The results of Haldane and Douglas were criticised by us(5) 
(1913), and we pointed out especially that during muscular work, 
when the gas exchange is much increased, the alveolar samples taken 


according to H.-P.’s method must show CO, percentages a good deal 


above those corresponding to the end of inspiration and of expiration 
respectively, because the sharp expiration from the end of which the 


1 Siebeck concluded from the fact that not even an expiration of much less than the _ 


volume of the dead space consists of pure inspired air that the conception of a dead space 


does not represent real conditions—“stimmt also mit den tatsichlichen Verhiltnisse — 


nicht fiberein.” As will be seen below we think this particular conclusion unwarranted, 
but at the same time we can confirm the accuracy of 
on all points on which we have tested them. | 
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sample is drawn takes a certain time during which a sufficient amount 
of CO, is produced to appreciably raise the CO, percentage of the 
sample. 

In a later paper(6) we have attempted to measure the increase in 
CO, percentage occurring in the alveoli during a H.-P. expiration during _ 

_a@ work hyperpnea with respirations just exceeding 31. and found | 
that it amounted to about 0-7°/, which increase would raise the dead — 
space a8 calculated from 100 to 500 c.c. 

We examined further(5) the Siebeck method of determining the 
dead space and by taking two samples at different depths from the 
same expiration after an inspiration of hydrogen we were able to show, 
what Siebeck’s experiments had not been delicate enough to discover, 
that the distribution of hydrogen in the alveolar air after a single 
breath of the gas is not completely uniform, but that the last portion 
of air expired will always contain less H, than any earlier!. This 
involves an unavoidable error in the determination of the dead space, 
in so far as the alveolar nll avn at the end of an expiration does 


not represent exactly the total alveolar air expired, but we were able 
to show that when pure hydrogen is inspired, and the expiration is 
not made too deep the influence of the error becomes unappreciable. 
We made, therefore, series of determinations of the dead space by means 
of hydrogen on different subjects both during rest and during muscular 
work, taking care to use expirations of less than 11. We found no 
evidence whatever of an active dilatation of the air passages during - 
work. All our determinations were deliberately made with a practically 
constant volume of air in the lungs corresponding to the resting position 
of the chest before taking the inspiration of 500-800 c.c. hydrogen. 
Later Lindhard(?) has shown that there is an approximate 
We numerical - relation between the length of the human trunk and the 
$) volume of the dead space as determined by our method, the volume 
se being increased by about 7 c.c. per cm. length above a certain minimum. 
ba The latest contributions to the dead space problem have been made 
4 by Haldaneis) and simultaneously by Yandel! Henderson in col- 
-laboration with Chillingworth and Whitney@). Haldane varied 
ne the frequency of his own breathing during rest between 60 and 3 per 
wo minute, by which consequently an inversely varying depth of the 
a respiration was brought about. From analyses of the expired air, 


es 1 It is evident that when hydrogen does not instantly become evenly distributed 
| in in the alveolar air the same must a fortiori hold also for any other gas inspired into the 
ee lungs, since they will all diffuse more slowly than hydrogen. 
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collected over 3-minute periods, and samples of alveolar air he calcu- 
lated the dead space in the same way as before, but for each of the 
gases CO, and O, separately. The results showed a great increase in 
the dead space with increasing depth of the respiration in spite of the — 
_ absence of hyperpnea. The dead spaces calculated from the CO, 
percentages agreed fairly well with those obtained by Douglas at 
corresponding depths, but the figures calculated from the O, percentages 
were considerably larger still. Haldane was led by these results 
to discard the idea of an active dilatation of the bronchi, and believing 
that the bronchi and bronchioles could not—on account of their relatively 
thick walls—be passively distended to the extent found (increases from — 
100 to 700 or even 900 c.c.), he found it necessary to seek the increase 
in dead space beyond the terminal bronchioles. Basing himself on the 
beautiful anatomical investigations of Miller(o) he claimed the “atria” 
as parts of the air passages contributing to the dead space. He says: 
“Miller’s work seems to furnish the key to the interpretation of the in- 
creased dead space. Each terminal bronchus (see Fig. 7and8 of Miller’s 
paper) ends in several openings or “vestibula’ each of which leads into 
an air-cavity or ‘atrium,’ lined by alveoli. From each atrium several — 
openings lead onwards into ‘air-sacs,’ which are main cavities of which 
the walls are constituted by alveoli or air-cells. By far the greater 
number of the lung alveoli belong to the air-sac system, but a very 
appreciable number belong to the atria, and the latter act partly as 
- air-passages to the air-sacs, and partly perform the same respiratory 
functions as the air-sacs themselves. The walls of the atria have the 
same general structure as those of the air-sacs, and must be just as free 


__ to expand when air enters the lungs. 


It.48 evident that the atria must have a far greater supply of fresh 
\air than the groups of air-sacs beyond them, since all the fresh air sup- 
plied to the air-sacs passes through the atriu, and at the end of an 
inspiration they will be left full of relatively pure air. They will there- 
fore contribute to the ‘effective’ or ‘virtual’ dead space due to the 
bronchi and upper respiratory passages; and as they will expand freely 
with a deep inspiration, and be washed out more thoroughly, the dead 
space will increase with a deep inspiration.” 

Henderson and his collaborators used in most of their experiments 
single inspirations and expirations, always beginning after an inspira- 
tion to the residual air. They took inspirations of air or of hydrogen, 
expired into a bag or a gasometer and analysed alveolar samples taken 
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results are extremely irregular, but show on the whole an enormous 
increase in dead space with increasing depth of the inspiration [and 
expiration]. They find like Haldane a larger dead space for oxygen 
than for carbon dioxide. They accept Haldane’s explanation of 


the atria as contributing the larger part of the dead space (in inflated — 


lungs), but think that the inconstancy of their individual results are 
due to active variations (rhythmic and others) of the state of contraction . 
of the bronchial muscles. We do not propose to enter upon a discussion 


of Henderson’s results in so far as they differ from those of Haldane, 


concerning which we cannot avoid going considerably into details. 

Between Haldane and ourselves there is a clear and debatable 
issue. Haldane’s conception is this: We can get pure alveolar air 
by making 4 deep expiration. This alveolar air is contained in the 
air-sacs (but not in the atria) of the lungs and is of constant composition 
throughout these at any given moment. The composition varies from 
moment to moment with the respiration. At the end of inspiration 
the alveolar air is comparatively rich in O, and poor in CO,; at the 
end of expiration there is a minimum Q, percentage and a maximum 
CO, percentage. The arithmetical average of samples taken just at 
the end of inspiration and expiration respectively is the “average 
alveolar air.” This shows a constant CO, pressure independent of 
variations in frequency (provided the depth is allowed to regulate 
itself) and independent within certain limits of variations in the pressure 
and composition of the air breathed. The COQ, pressure of the alveolar — 
air as thus defined is equal to that of the arterial blood, and the 


‘constancy is maintained by the arterial blood acting on the respiratory 


centre. . 

Haldane maintains that the dead space is a physiological and 
not. an anatomical conception; it can be determined separately for 
O, and for OO, by the relation between the percentages of the gases 
in the expired and alveolar air.respectively, but it is wrong in principle 
to make determinations by means of other gases, and it is inadmissible 
to calculate the composition of the alveolar air from the dead space 
thus determined and the mixed expired air. 

We hold: That the air in the air-sacs (as well as in the atria) is not — 
at the end of inspiration of the same composition throughout, because 
the inspired air is incompletely mixed with the air previously contained. 
time. 

“That the alveolar ar must include all the air with which the venous 
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blood coming to the | 


well as in the air-sacs. 


That samples taken according to Haldane’s method can, in certain 
circumstances only, represent approximately the average alveolar air 
_ of the moment. 

That the average CO, tension of samples taken at the end of i inspira- 
tion and at the end of expiration does not generally represent the average 
CO, tension of the alveolar air as a whole or of the arterial blood. | 

That the dead space can be defined anatomically as well as physio- 
logically as the air passages down to and including the bronchioles, 
that it can be determined with considerable accuracy and that the 
composition of the average alveolar air, which determines the CO, 
tension of the arterial blood, can in most cases (exceptions to be detailed 
below) be most safely calculated from the composition of the expired 
air, the average depth of the respiration and the volume of the dead 


space. 

The differences of opinion as here summarised will be considered 
in detail below, but before proceeding to do so we shall produce the 
additional experimental evidence on certain of the points at issue which 
we have thought it desirable to collect. The problems which we have 
endeavoured to elucidate by our experiments are mainly the following: 
Is there or is there not an anatomically defined dead space? To what 
extent does it vary with inflation of the lungs? Is the pulmonary air 
beyond the dead space at the end of inspiration uniform in composition 
or not}? 

Methods. Our experiments for determining the dead space have 
been arranged practically as described in our first contribution to the 
subject with the addition of a spirometer for measuring the total 
inflation of the lungs. The tube (4) on the four-way tap, Fig. 1 (which © 
_ is copied from’ our earlier paper), was connected like (3) with a recording 
spirometer (capacity 71.) containing atmospheric air. In the experi-— 
ments the subject, after having closed the nose with s clip, began by 
expiring to the residual air. Thereupon he put the mouth to the tap 
(at 5) and inspired a certain quantity of atmospheric air from the 7]. 
spirometer. The volume inspired was recorded graphically. Turning 
the tap the inspiration was continued from the bell-jar (1) containing 
@ ‘Measured volume of the gas used for the determination (500 c.c. 
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' hydrogen in most cases): Having inspired this he turned the tap further 

and expited into the small (1°5 1.) recording spirometer (7). After 
an expiration of suitable volume the tap was closed and a sample of 
alveolar air drawn from it on the side of the subject. These samples 
we have always taken in evacuated vessels to get them instantaneous. 
Immediately afterwards the gases in the expiration spirometer and the — 
‘tubing connecting it with the tap were thoroughly mixed and a sample 
drawn". From the percentages of the gas used for the determination — 
in the two samples and the recorded volume of the expiration the dead 


7 
“4 : 


is 


3 Fig. 1. Apparatus for determining dead space. 


space is calculated. In experiments with hydrogen the calculation is 
made according to the formula | 
3 

We give an example of such an experiment. | 

Residual volume of expiration spirometer 173 ¢.c. Dead space of tubing from tap 
to spirometer 470.c. In all 220¢.c. Dead space in tap on the side of the subject d = 10 c.c. 

Volume of inspiration 2-851. air + 0-51. hydrogen. 1 

Volume of expiration 2 = 657 c.c. 7 

-Percentages*: A;= 149-5; h, = 17-47; hy = 84:8; h;- h, = 182-0. 

Eh, = (657 + 220) 34:8 = 305-0 | 
65741747) = 114-7 


190-3 D= 190-3: 132-0- 10= 184, 


1 Our spirometers are provided with a revolving fan, and we have found again and 
again that this fan must be worked at a high rate of speed for several seconds when com- 
plete uniformity is to be secured. Failing this the mixture may remain incomplete for 

Henderson, Chillingworth and Whitney do not seem to have taken any pre- 
cautions to obtain a complete mixture of the gases in their expiration spirometer, and 
this is probably one of the reasons why their individual results are so extremely divergent. 

* Instead of actual percentages of H, the contractions on combustion are given. 
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We began by making « series of “normal”. experiments on J. L., q 

varying the volume of air in the lungs within the widest: possible limits, | : 

but keeping the inspirations of hydrogen and the expirations within * 

ae the limits which we had formerly shown to be essential in view of the 

a incomplete mixture of the alveolar gases: that is between about 
500 and 1000c.c. The’results are tabulated in Table 1 and shown 2 

graphically in the curve Fig. 2. We have arranged the experiments = 

according to the total volume of air in the lungs, taking as the starting 4 


Fig. 2. Dead space of J. L. at varying inflation of lungs. Normal experiments. a 


Inflation of 


4 


4 66, 
a 
e 
4 +.62 +.70 : 
a | +46 
4 3 
100 +.35 
+ 
go 
4 
3 Tastx 1. Normal determinations of dead space on J. L. 
lungs psidual position Expiration Dead space 
4 Cc. Cc. Cc. cc. 
4 —~ 900 0 + 750 H, 571 99-5 
a —' 850 0 + 800 445 83-5 
500 650 + 600 345 98-5 
‘4 - 450 700 + 500 520 85:5 
4 a + 400 1550 + 500 470 ill 
+ $870 1720 + 800 475 112 
+ 950 1800 + 800 615 134 
E + 1100 1900 + 850 740 140 
a + 1150 2050 + 750 621 148 
dy : 
. + 1230 2130 + 750 538 139 
4 + 1460 2600 + 500 700 144 | 
" + 1560 2400 + 800 780 175 
4 (+ 1680 2530 + 800 490 107-5) 
+ 1700 2850 + 500 657 134. 
a + 1850 2700 + 800 982 175 
a + 2000 2900 + 750 494 173 
a + 2050 2850 + 850 723 193 > 
4 + 2050 2900 + 800 727 185 
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point the normal resting position of the chest: that in which no inspira- 
tory or expiratory muscles are active and the elastic forces of the chest 
wall and lungs balance each other. Volumes of the lungs below this 
position of physiological equilibrium are designated as negative in 
column 1 of the table and on the abscissa of the curve. All the volumes 
given in this and the following tables are measured moist at room 
temperature. In the figure the rectangle at a positive inflation of 
500 ¢.c. represents the older series*of determinations made on J. L. (5). 
All the results obtained, with one exception put in parenthesis in the 
table and Fig. 2, can be represented by the curve drawn, which shows 
that at inflations at or below the equilibrium the dead space has a con- 
stant volume, whereas it is very regularly increased with inflations 
above the equilibrium. Our results confirm and amplify those of 
Siebeck@) and we have no doubt that they are due, as Henderson 
and his colleagues suggest, to a passive stretching of the air passages. 
There is the difference, however, that while these authors find the dead 
space varying between 33 and 1200c.c. we find a maximum increase 
of just 100 c.c. in the case examined. 

A corresponding series of determinations have been made on the 
female subject M. K. with almost identical:results. Up to the equili- 
brium position of the lungs the dead space is practically constant and 


TABLE 2. Normal determinations of dead space on M. K. 


Expiration Dead space 
~ 750 500H, 310 98-5 
760 500 354 98 
~ 0+ 500 483 114 
— 750 0 + 500 43 
750 0+ 500 573 88 
- 250 4 500 500 96-5 
- 260 520 + 500 . 688 110-5 
ee 750 + 500 668 108-5 
+250 1000 + 500 488 
+ 1200 + 500 310 102 
+ 450 1200 + 500 460 121 
550 1310 + 500 570 121 
+ 700 1450 + 500 ‘713 131 
+ 1350 2100 + 500 520 147 
+ 1600 2350 + 500 587 140 
1650 2400 + 500 
+1850. - 2760+ ca. 350 464 171 
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with greater inflation it is regularly increased. ace 
sponding to identical inflations are slightly smaller than in J. L. 

In. the two series of experiments so far mentioned we have varied 
the inspiration of hydrogen between 500 and 800 c.c. with no detectable 
influence upon the results. We have further varied the volume of the 
expiration between 300 and 1000 c.c. also without any visible influence. 


In order to make this clear we have noted the expiration volumes on > 


the curves and an inspection of the figures will bear out our statement. 
Now it seems clear that if our results did not correspond to an anatomical 
reality—the volume of the air passages—it would be impossible to obtain 
such constant results with such widely varying conditions. If the 
real dead space at an inflation of say + 2000 c.c. was 800 c.c. instead 
of 180, an expiration of 1000c.c. ought 7 give a much — value than 


r 

190 

+54 

¢o- 


Wig. 8. ‘Deed space of M. K. at varying inflation of lungs. Normal experiments. — 


one of 500c.c. In order to make this point clear we have made further 
series of tests in which we have reduced (1) the volume of the hydrogen 


inspiration and (2) the volume of the expiration, and finally we have - 


made some tests with a pause of 2-3 seconds after the hydrogen — 
tion. 

A reduction of the hydrogen inspiration so as to make it insufficient 

to wash out the dead space should of course reduce the volume found 

and there should be a distinct relation between the size of the inspiration 


and the result, The same holds good also for a reduction of the expira- 
tion, because the sample of alveolar air will contain an admixture of 


gas from the dead space—that is too much hydrogen. 

The introduction of a pause must reduce the value found for the 
_ dead space, because hydrogen will diffuse during the pause from the 
bronchioles to the alveoli. During a short pause (a couple of seconds) 
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the diffusion can have influence only over short distances in the bronchial 
tree (probably not beyond the bronchioles of the last order) and the 


| Determinations of dead space on J. with diminished, inspiration 


¢.c. cc. 

+ 160 Equilibr.+ 150 H, 395 
+1270 «2770 + 150 157 133 
. + 1670 3170 + 150 665. 139-5 
aoe | 3250 + 200 465 166 
1800 + 200 695 151 

4 Determinations of dead space on J. L. with reduced expiration. 
+ 500 Equilibr. + 500 147 96 

+ 500 162 105 

+ 600 tee + 500 273 109 

+ 1650 2650 + 750 168 83 

+ 1900 2800 + 750 210 160 *s 

+2150 3000 + 800 284 189 


+f 


of hydrogen. 0 Inspiration of 150 c.c. 


' Taste 5. Determinations of dead space on J. L. with a panse after the inspiration. 


Rquilibr. + 500° 
+ 500 + 
+ 1910 8060 + 500 


+ 1910 3060 + 500 


c.c. 
572: 110 
610 35 109. 
538 2-5 ‘164 
108 25 141 


Fig. 4. Dead space determinations on J. L. with small inspirations and expirations 


e Inspiration of 200 c.c. 


+ Hormal 


uae of the dead space found may therefore give some indication — 
of the part played by the bronchioles in making up the total dead space. 


The oc have been summarised in Tables 3-5 and Fig. 4 in 
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7 A. KROGH AND J. LINDHARD. 
which the curve obtained in the normal experiments on J. L. has been 


drawn for comparison purposes. Inspirations down to 150c.c. hydrogen _ 


do not diminish the results at pulmonary inflations up to the equilibrium 
position. With greater inflation and the correspondingly larger dead 
space a slight diminishing influence upon the result is noticeable, when 
inspirations of 150 or 200 c.c. hydrogen are taken instead of the normal 
500 to 800c.c. The same holds also for small expirations, though the 
influence of the volume expired is more marked and it is distinctly 
seen that the smaller the expiration the smaller is the resulting dead 
space. It follows we think from these results that the inspirations and 
-expirations normally employed by us cannot have been too small, and 


it appears further that a hydrogen inspiration of one and a half times’ 
the true volume of the dead space is sufficient to wash it out practically — 


completely. This could not be done with gases of approximately the 
same specific gravity as the air, as we have noticed repeatedly and as 
Henderson and his collaborators have shown in their experiments 
on the axial flow of columns of smoke in glass tubes, but we are not 
_ surprised to learn that hydrogen introduced from above in an essentially 
vertical tube will move up and down nearly as a piston on account of 


its very small specific gravity as compared with the normal content of 


the air passages. Siebeck found in his experiments with hydrogen 
inspirations that he got pure alveolar air after the expiration of 300 c.c. 
with a total dead space of 160 c.c. 

A pause of 2-4 seconds has apparently no influence on the dead 


space determination at or near the equilibrium position of the lungs 


but with greater inflation (+ 1900 c.c.) the results are diminished by 
_ something like 30c.c. This means according to the above that when 


the chest is not inflated the bronchioles form only an insignificant part 


of the total dead space, but that a large part of the dilation of the air 


passages, taking place when the chest becomes inflated, affects the 
smallest bronchioles. 


In order to meet Haldane’s objection, that it “seems wrong in 
- principle” to determine the dead space by means of other gases than 


oxygen and carbon dioxide, we have made a number of determinations 
by means of these two gases using exactly the same anangement as 


with hydrogen but filling the bell-jar either with atmospheric air or 


with pure oxygen. ~The for CO, and 0, w were — 
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The samples have always been for both we 
as an example of the calculation. | 
Vol. of expiration 487 
_ Percentages: 20-9, C,= 0, O,, = 18-95, Om = 1-92, Og = 1601, = 433, 


_ In spirometer after expiration 770 146-0 148 . 
_ In spirometer before expiration 283 502 jjj|§ 08 
In expiration een eee 487 86-8 145. 
” 0, =: 82 C, = 
Hence D, 487 481 1661 ~ 10 = 125, D,= 487 - 497288 _ 10-10. 


: “Tf our view is correct that the dead spacé is an anatomical as well 
as & physiological reality it must be possible to measure it at least — 
approximately by any gas, though it is obvious that gases which diffuse 
more slowly are less adapted for the purpose than hydrogen, and the 
systematic difference found by Haldane and also by Henderson 
between the dead spaces for 0, and CO, should — when the 
real dead space is measured. 


Taste 6. Determinations of dead space on J. L. Atmospheric air. 


. Expiration Dead space 

1150. 0+ 500atm. air 3.25 

+ 1430 + 750 ‘487 

+ 1820 2970 + 500 ‘516 

| ‘Tame 7. Determinations of dead epece on J. 

+250 1400 + 500 
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_ Our resulta, which are summarised in Tables 6 and 7 and compared 
with the normal curve in Fig. 5, conform very well to these a priors 
conclusions. The deviations of the single results from the curve are 
distinctly larger than with hydrogen, but except in the middle (inflations 
from 0-1000 c.¢.) where they lie on an average about 30 c.c. above the 
curve, they do not give higher results and the oxygen determinations 
certainly do not give larger values than those calculated for the CO,. 

_ The experiments so far detailed show, conclusively as far as we can 


see, that whatever gas is used for the experiments and whateverquantity — 


inspired or expired between the limits indicated, the same values for 
the dead space will be obtained at identical inflations of the lungs, and 


though it cannot be proved that the increases measured with increasing 


wth 
120 
Wie 


Fig. 5. Dead space determinations on J. L. by means of 0, and 00,. | 
of oxygen. Op, Inspiration of atmospheric air. 


 inflations are due to passive distension of the bronchioles (and ere) 
it is certainly a very probable assumption. 


We have finally made two series of determinations with a constant: 


inflation of the lungs (+ 1850 ¢.c.), a very large inspiration from the 
residual air and expirations varying from 800 up to 3300c.c. These 
experiments are in a sense crucial, because their results can be predicted 
both from the standpoint of Haldane and from our own. From 
Haldane’s standpoint all the preceding experiments with large infla- 
tions could possibly be doubted on the ground that both the inspirations 
and the expirations were too shallow to wash out the dead space, but 
when the inspiration is deep and the expiration is sufficient to bring 
up a sample.of “undiluted alveolar air” from the air-sacs (1-5 1. should 
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be enough according to Haldane) the results ought to become constant 
and independent of any further increase in the depth of the expiration 
because, according to Haldane, the air in the sir-sacs is uniform. . 
From our own standpoint we must maintain that the inspired gas" 
will not become completely mixed with the alveolar air either in the 
air-sacs or in the atria and that, therefore, the figures found for the dead 
space will increase regularly with the volume of air expired when this 
is raised above 1 litre. The results bear out our contention and there — 
is Moreover 2 curious systematic difference between the results obtained 
with different concentrations of the same gas—oxygen. In one series 
the subject expired to the residual air and then took in 3-51. atmo- 
spheric air. The results: are given in Table 8 and show a dead space 
increasing fairly regularly with increasing depth of the expiration up — 
to values which are not very different from those obtained by Haldane 
and some of Henderson’s. As in their experiments the dead spaces 
“for oxygen are larger than for carbon dioxide. 


Taste 8. Experiments on “dead space” of J. L. Inflation of lungs + 1850 o.c. 
Inspiration 3500 c.c. atmospheric air in all the experiments. | 


Expiratione.c. ... 1900 2150 2340 2820 3140 3210 
“Dead space” forCO, 342 439 313 620 512 615 
geese O, 403 485 379 547 564 748 


te another series the subject took a corresponding inspiration of 


} . approximately pure oxygen. The results given in Table 9 show the 


same general trend as in the former series, but here the oxygen results 
are decidedly lower than those for CO, which are, as would be expected, 
practically the same in both series. 


TaBtE 9. Inspiration of 3500c.c. oxygen in all the experiments. _ 
Expiration ¢.c. 810 1490 1820 1980 2360 2730 3070 3310 
“Deadspace” forCO, 267 278 452 340 480 502 672 

125 181 232 301 144 369 370 


These experiments demonstrate that the large dead spaces found © 
by Haldane and Henderson are not due, as they thought, simply to 
the inflation of the lungs and the air passages but are brought about 
chiefly by the deep expirations employed by them. They are conse- 
quently unreal and due mainly to the incomplete mixture of the gases 
in the atria and air-sacs of the lungs’; in part also they are due to 


s Haldane(8) has made experiments to show that the air in the air-sace is of uniform 
composition throughout by comparing samples taken by means of expirations of varying 
depths. The differences existing during ordinary quiet breathing are, however, too 
small to be detected in this way except by averaging very large numbers of determinations. 
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4 A. KROGH AND J. LINDHARD. 
the gas exchange taking place during the expiration. It can easily 
be explained why the incomplete mixture must make the results 
for oxygen higher than for carbon dioxide when atmospheric air is 


breathed and inversely with pure oxygen, but as the explanation is 


superfluous for the carrying on of our argument we leave it out. 

We have now brought together the data by which it is possible to 
account for the sequence of events in the air passages, atria and air- 
sacs during the respiratory movements. At the end of expiration air 
of fairly uniform composition is found throughout the whole system, 
though there is in the air passages slightly more oxygen and slightly 
less CO, than in the alveoli. During inspiration atmospheric air will 
begin to enter the atria from the bronchioles after inspiration of about 
one-third the volume of the anatomical dead space, and after the 
inspiration of three times the volume of the dead space the air passages 
are completely washed out with pure air. In the atria ‘and air-sacs 
as well as through the openings between atria and air-sacs the atmo- 
spheric air inspired is mixed with the alveolar air partly by gas diffusion 
(independent. movements of single molecules) and partly by mass 
movements (currents and eddies) set up by the dilatation of the lungs 
‘and by the jet of air entering each atrium from its bronchiole+. The 
part played by diffusion and mass movement respectively cannot at 
present be made out, but it seems logical to assume that with a rapid 
- inspiration the mass movements can be considerably augmented and 
the mixing of the air therefore become more complete. Reasons will be 


given below indicating that such is indeed the case. So long as pure 


atmospheric air is entering (that is, throughout the inspiration) the 


mixture in the alveoli can never become absolutely complete, but the 


atria will contain more oxygen and less carbon dioxide than the air-sacs 
_and in each compartment the O, percentage is highest (the CO, lowest) 
near the opening through which the air is entering. That the atrium 
_ air as a whole cannot be of very different composition from the air-sac 
air follows from the fact that the opening between atria and air-sacs 
are rather large and the walls in which those openings are found extremely 
thin. The rate of diffusion through them must therefore be very rapid. 
That the composition of the air in the lungs at the end of inspiration 
does not show a distinct. difference between atrium air and air-sac air 
has been demonstrated experimentally above by the regular increase 


a Wo.are well aware thet the limit between the air passages aud the reapieutory portions 
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DREAD SPACE IN BREATHING. 75 
in “dead space” observed with @ regularly increasing volume of the 


In point of fact the difference chebioee Haldane’s view and opr 
own concerns the difference in composition between the air in the atria 
and in the air-sacs at the end of inspiration. Haldane believes that 
this difference is considerable while the air in the air-sacs is uniform 
throughout. 

In. point of theory there is the further difference that Haldane 
takes the air from the air-sacs alone as alveolar air, while we will include 
the sir ftom the atria as well. The term alveolar air has reference to 
the blood gases. The alveolar air is the air with which the blood coming 
from the right heart enters into gas exchange, and the physiological 
significance of the CO, and O, pressures of the alveolar air lies in the — 
two facts that the blood leaving the lungs is in practical CO, tension 
equilibrium with the alveolar air, as shown experimentally by A. and 
M. Krogh, while the 0, pressure of the alveolar air constitutes the 
limit to which the arterial blood can attain by diffusion. Now it is 
distinctly stated by Miller, p. 177) that each atrium, as well as each 
air-sac, possesses its own pulmonary arteriole, and that the blood from 
each atrium, as well as from each air-sac, is in the main collected by a 
single small vein. The blood does not flow from the walls of the atria 
into the walls of the air-sacs. The blood going to the left heart is 
therefore a mixture of blood coming from atria with that from air-sacs, 
and the air in the atria with which part of the blood has exchanged 
gases is alveolar air just as well as the air in the air-sacs. In our 
opinion it follows necessarily from these facts and considerations that 
the best approximation to the true average composition of the alveolar 
air must be obtained by calculation from the composition of the expired 
air, the volume of the expiration and the dead space in the air passages. 


We wish to point out, however, one important restriction to this general rule, viz. 


that with a shallow and frequent respiration the influence of the volume of the dead space _ 
as used in the caloulation becomes very large, and that in view of the unavoidable errors: 
on the determination of this volume it may be safer to determine the alveolar air by direct 
sampling, the more so as in these circumstances the alveolar air must be of a practically 
uniform composition throughout and also from moment to moment. When good deter- 
minations of the dead space are available we should prefer calculation of the alveolar air 
at all depths of respiration beyond about five times the volume of the dead space, expect 
the two methods to give about equal and equally reliable results at depths from about 5 
to 2-8 times the volume of the dead space, and use direct sampling according to Haldane 
and Priestley at lower depths, That the two methods do agree at medium depths 
| ; 
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76 A. KROGH AND J. LINDHARD. | 

It should always be kept in mind, however, that any determination 
of the average composition of the alveolar air, however made, can be 
only an approximation to that which it is desired to know, and this 
approximation may sometimes be very imperfect. In order to make 
_ this clear let us suppose the CO, to diffuse so rapidly through the alveolar 
wall that each particle of blood is in absolute CO, tension equilibrium 
with the alveolar air at the moment of leaving the alveolar wall. Now, 
if the alveolar air is supposed to have a constant CO, tension from 
moment to moment as well as from point to point the current of blood 
may obviously vary in intensity and the distribution of the blood between 
the alveoli may be very unequal without the equilibrium between the 
CO, tension of the total blood and of the alveolar air becoming affected. 
If, however, the CO, tension of the alveolar air varies with time the 
blood ‘current must remain constant if the equilibrium shall remain 
_ perfect. Suppose the blood current to have a much increased velocity 
just when the alveolar CO, tension is at its lowest: the total blood will 
get a CO, tension below the average alveolar air. If, further, different 
alveoli -do not possess the same CO, tension the distribution of blood 
between them must be even to secure perfect equilibrium between the 
total blood and the average air. Suppose the atria with the lowest 
CO, tension to get more blood in proportion to their volume than the 
-‘air-sacs, the CO, tension of the total blood will again be lower than of 

the average alveolar air. Now, the current of blood through sb 
is known to vary with the respiratory movements, and the more’ the 
deeper they are, while the other factors are totally unknown, and it 
follows that with increasing depth of the respiration it becomes more 
and more unsafe to assume that the CO, tension of the mixed arterial 
blood is the same as that of the average alveolar air, even when this 
be determined with absolute accuracy. The relations are further com- 
plicated by the two facts, that a mixture of, say, equal parts of blood 
with different CO, tensions will not generally possess just the average 
tension, and that the distribution of blood between different alveoli 
may probably be the same per unit surface, but is not _— to be pro- 
portional to the gas volumes. 

Haldane’s chief reasons for assuming, in spite of the ‘scaiapaical 
structure of the atria and the nature of their blood supply, that true 
alveolar air can be obtained only from the air-sacs are (2) the general 
constancy of the alveolar air, as thus defined, in varying conditions 
of pressure, etc., and (b) especially the observation, recently made by 
him(6), that when he varies his own respiration frequency without 
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depth, which: in mupposed-to be regulated auto- | 


matically by the CO, tension of the arterial blood, he finds at all fre- 
quencies between 3 and 36 per minute the same constant composition 
of the average -alveolar (alr-sac) air, as determined according to his 
method. 

(a) As we have found repeatedly and pointed out above, sampling | 
according to Haldane during rest and with natural respiration gives _ 
practically the same results as calculation from the anatomical dead 
space. The constancy of the alveolar air, as determined by Haldane, 
is therefore no proof either for or against excluding the atria, since the — 
calculated alveolar air would be equally constant. 

(6) It must be admitted that the constancy of the CO, suaaieg | 
in the air-sac air, observed by Haldane with widely varying frequencies, 
appears to be a strong argument in favour of the view, that it is the air- 
sac air which determines the CO, tension of the arterial blood, while the | 
arterial blood regulates the ventilation. If in this case the alveolar 
CO, percentage had been calculated on the basis of a constant (or nearly 


‘constant) dead space it would have been found far from constant. 


We must point out, however, that in Haldane’s experiments the 
breathing with each ‘regulated frequency was maintained for a period 
(2 minutes before and 3 minutes during the sampling) which was 
much too short to adapt the composition of the pulmonary air to 
the changed conditions. This is clearly shown by. the experiments 
themselves. The production of CO, or consumption of O, in the body 


should not, certainly, become affected by the frequency of breathing, 
but if the gas exchange per minute is calculated from the figures given 


in Haldane’s table and reproduced below, very variable results are — 
obtained with the artificial frequencies, while the natural ones give 


- quite consistent values, showing that with the frequencies 6 and 24 


TABLE From with the respiratory exchange caloulated by us. 
Frequency Effective “dead Gas exchange 


Of Tesp. space. min. 
004 BQ. from Oy, g, fmm, ay 
8 284 420 0848 683 920 
4 456 875 467* 619 361 
10. 6350 359 321-362 
24 410 3-22 780 lll 136 254 327 . 
60° 820 185 199 323 
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CO, has been held back in the body and lungs, while with 4 it has been 
washed out. When this is so the CO, tension in the arterial blood 
cannot have been constant, whatever may have been the case with the 
OO, percentage in the alveoli. 

Large numbers of experiments with artificially varied freqiushicies 
of 6, 15 and 30 per minute have been made by Liljestrand and 
Wollinay. In these experiments the CO, output was found to be 
- practically independent of the frequency and remarkably constant. 

From the data given by the authors it is easy to calculate the CO, 
- percentage of the expired air and the depth of the respiration, and when 
the alveolar CO, percentage is known the dead space can be figured out. 
If the calculation is made on the basis of a constant alveolar CO, percen- 
- tage it is possible to check Haldane’s result and to see whether the 
dead space increases considerably with increasing depth of the respira- 
- tion or not. We give as an example the results obtained by us for 
the dead space of G. L. LC 


| 
Taste 11, “Dead apace” of with varying frequency snd 
‘assumed constancy of alveolar CO,=6%. 
Frequency Depth Expired Effective 


of resp. of expir. 
Lying on back 4:87 183 
537 3-42 230 228 
30 427 2-23 34 


It is seen at a glance that the dead space comes out practically 
constant? or, if anything, very slightly increasing with 

depth of the respiration. Similar results have been obtained by com- 
puting the dead space of G. W. from several series of experiments on 
this subject, but in his case an arbitrary constant level for the alveolar 
CO, percentage had to be assumed. Trying different levels within 
the possible limits 5 to 6-5°/, no increase in dead Silt en 
depth of the breathing could be made out. 


it and the respiration valves. The absolute figures for the dead space are of course not 
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ment has been reathed that muscular work does not produce’ any 
increase in the dead space, except in so far as the air passages are 
stretched mechanically by the deep inspirations. During muscular 
_ work of increasing severity the inspiratory (and expiratory) movements 
become more and more rapid, and it is possible, nay probable, that a 
rapid current of air entering the atria from the bronchioles may improve 
the mechanical mixing of the alveolar gases. The time available for 
diffusion is shortened, however, and it is not possible to tell beforehand, 
whether the final result will be a more uniform composition of the alveolar 
air at the end of inspiration or not. A comparison between the dead 
space determinations of Haldane and Douglas(4) and the recent 
ones of Haldane(é) will furnish valuable information on this point. 
The respective tables show that at great depths of respiratién the 
results are in practical agreement (Rest, depth of respiration 2-98 1., 
dead space 683 c.c.; Work, 2-81 1., 609 c.c.—Rest, 2-441., 407.c.c.; Work, 
2-521., 549 c.c.). Now, nobody has attempted to dispute the validity 
of our criticism that during muscular work the samples of alveolar air 
are taken too late and for that reason show percentages of CO, which 
are a great deal too high. As mentioned above we have in one case 
with @ depth of respiration of 3-251. found this error to be sufficient 
to raise the dead space as calculated from 100 to 500 c.c.(6). Since, 
therefore, this error is nearly sufficient to explain quantitatively the 
high results obtained by Douglas and Haldane, it follows that the 
error which we have pointed out as present in Haldane’s dead space 
determinations during rest cannot have had any serious influence in 
the work experiments, that is: The alveolar air must have been much 


more uniform at the end of inspiration during the work hyperpnea 


with rapid breathing, than during the very slow deep perenne 
employed by Haldane in his recent experiments. 

of of lobes cf. the lungs 
According to our interpretation the combined result of Haldane’s 
and our own experiments is, that the mixture of gases present in the 
alveoli at the end of inspiration is not complete, but the composition 
varies with the distance from the bronchioles. With ordinary respira- 
tions the differences are certainly not large, but they become con- 
siderable with deep and slow breathing. When the breathing is deep 
and rapid, as in muscular work, the differences are again, apparently, 
comparatively small. . 
So far we have et assumed—as all other area have done 
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—that alveoli from different bronchi contain the same gas mixture, 
that is that different lobes of the lungs are ventilated to the same extent. 
That this is so has never been proved—so far as we are aware—and it 
is in our opinion worth while to investigate the assumption a little more 
closely. If the different lobes of the lungs are not equally dilated during 
inspiration the air in them must obtain a different composition and this 
must be true both with regard to O, and CO, during normal breathing! and 
with regard to other gases during special mixing respirations. During 
expiration the air from the different lobes becomes mixed. If the 
expiration is of the same depth as the inspiration just that quantity of 
air which had entered each lobe must leave it again, and the composition 


_ of the expired air must become just the same as if all lobes had been 


equally dilated. If, on the other hand, the expiration differs in depth 
from the inspiration the relation between the volumes of the different 
lobes may become altered and in that case, but only in that case, the 
composition of different portions of the expired air may become different. 
It is logically conceivable that differences of this kind might effect 
samples of alveolar air obtained after deep expirations and give rise 
to errors and it will be useful to construct an example of this in order 
to see'to what magnitude the differences may possibly attain. 
We assume that the apical parts of the lungs contain 1 1. air and the 
basal 21. We assume further that a series of inspirations (and expira- 
tions) of 1-41. each be made from a spirometer containing 20°/, H, and 
that these inspirations are distributed with 0-4 1. to the apical and 1-01. 
to the basal lobes. “A-calculation shows that after one inspiration the 


percentages of H, will be: apical 5-7°/,, basal 6°67 °/, after two, 7°2°/, and — 


8-99), respectively and after three respirations, 8-3°/, and 9-6 °/, respec- 
tively. An expiration of 1-41. after the third inspiration will contain 
0-41. air with 8-3°/, H, and 1b with 96%, H,, that is in the mixed 
air 9-23°/, H,. If now an expiration be made to the residual air, and 
if we assume that during this the ratio of ventilations is reversed, the 
apical parts of 11. capacity expiring 0-61. air and the basal of 21. 
capacity expiring 11. air, the percentage of H, in the expired volume 
of 1-6 1. air will be 9-10 or only 0-13 °/, lower than in the first. portion. 

This calculation shows the improbability of differences of this kind 
_ Causing any serious errors on samples of alveolar air and makes it clear, 
that if such differences are to be detected at all, they can be sought 
for only in cases in which ‘the air in the single alveolus is practically 


* Unless, indeed, the circulation through each lobe should be in proportion to its 
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completely mixed. Otherwise they must become obscured. We 
possess two séries of experiments in which this condition is fulfilled. 
(a) When five years ago we worked out our method of determining — 
the circulation rate(14) we made a series of experiments with hydrogen. 
This gas diffuses so rapidly that it can be safely assumed to be practically 
evenly distributed inside each alveolus at the end of the introductory 
period. On the other hand differences in H, percentage between _ 
different lobes of the lungs cannot be affected by diffusion during the 
few seconds of s circulation rate experiment, and when therefore the 
hydrogen percentage is found to be the same (with the necessary 
corrections for H, absorption by the blood and contraction of the ~ 
enclosed air, as pointed out in our paper) before and after the respira-— 
tion pause constituting the circulation experiment, this shows the 
expired air to be of the same composition throughout. We have found: 


Taste 12. Circulation experiments with hydrogen. 


Subject and I Sample I Difference 
Equl. 11396 1149 
13-07 130 1840 0-35. 
Sample II 
; : corr. 
Reid. 1303 1906 12-65 0-38 
15-87 15-49 1530 (0-87 
Average 0-27 


There is in all cases very nearly the same hydrogen percentage in 
the second sample as in the first. When the correction for contraction — 
of the air in the lungs is introduced we find small positive differences 
- (column 5). When these are utilised for circulation rate determinations 
we find values which are certainly on the whole too high (minute volumes 
of 3 to 201.), but if the average difference is diminished by 0-09°/, 
the rest corresponds to a normal circulation rate. A difference of 
0-099, may therefore possibly be due either to incomplete mixture of _ 
H, within each alveolus or to differences between the lobes of the kind © 
considered, but part of it must be caused by diffusion of hydrogen into 
the pulmonary tissues and probably about one-third of it (0-03%,) 
can be accounted for by an error detected in the calculated contraction. 

(6) If ventilation differences between the lobes existed they must 
—as pointed out—lead to a different composition of the air in different — 
lobes during ‘ordinary breathing, and such differences might influence 
the composition of samples taken at the end of deep expirations— 

PH. EI. 6 
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Haldane samples of alveolar air. Nothing of the kind has ever been 
noticed, but to make sure we have in a series of experiments compared 
Haldane samples taken: in the ordinary way with the total alveolar 
expired air as calculated from the total expired air collected ina recording 


spirometer and the dead spaces of tubings and air passages. The 


unavoidable uncertainties in such calculations, arising out of the various 
- dead spaces, which are not known with absolute certainty, and out of 
the gas analytical errors make the oxygen results unreliable beyond 
01%, and with comparatively small expirations the :mfluence may 
become even greater. To the calculated composition of the alveolar air 
@ correction must further be applied corresponding to the gas exchange 
during half of the expiration time. The expiration time has in our 
experiments been about 0-024 minute, and as the average volume of 
air in the lungs during the expiration has been about 21. we have 
assumed a correction of 0-15°, for the CO, and 0-2°/, for the oxygen, 
corresponding to a gas exchange of about 250 c.c. CO, and angus 0, 
per minute. ‘We have obtained the results given in Table 13. 


TaBLE 13. The composition of the alveolar air during meena. 
i normal breathing. 


Subject No. calculated gasexch. found calculated gasexch. found 
AK 1 468 4°73 4°17 15-9 15:7 *15-69 
2 6403 618 14-7 14°75 
B16 5-30 5-30 14-06 13-85 14:19 
4 77 4-92 4-90 15-66 15-45 15-48 
5 449 4-64 4-64, 167 155 16°50 
480 4-95 489 1635 W616 15-19 


610 6516 160 148 1477 

| 8 540 556 5:38 1365 1345 1380 
52 1475 14-85 460 
10 4:97 612 #jOll 145 14-23 


8-05 5-20 531 143 14-00 
44000 15-25 5-05 15-00 
Average 


- In two out of the 12 experiments (Nos. 3-and 8) the differences 
are a little larger than desirable though not: outside the limits of error. 
In the rest the agreement is .as good as might be desired, and it must 


be legitimate to conclude that in normal. lungs such-differences between 


the ventilation of different lobes as might influence the composition of 
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different portions of the expired air do not exist. Stress should be 
laid‘on the point, however, that this result is probably valid for normal 
lungs only. It is quite possible that it may be otherwise in cases of 
bronchial catarth and bronchial spasms or in lungs which are more 
or less adherent, cavernous, emphysematous or cedematous. 


Deductions from the results. 


1. We. must maintain our former résult, that the scimosenition of 
the alveolar air should preferably be determined by calculation from — 
the expired air except in cases where the respiration is very shallow. — 
With deep breathing the increase in dead space resulting from. the 
inflation of the lungs ought to be taken into account, but the error © 
arising from not doing so is usually extremely slight. With deep 
breathing during rest and during the hyperpneea caused by muscular 
work the direct sampling of the alveolar air will lead to very fallacious 
results showing the alveolar air to be considerably richer in CO, and — 
poorer in O, than it actually is. This apparently trivial difference is 
one of the chief sources of the differences of opinion still existing 
regarding the mechanism of the gas exchange between the blood and 
the air in the lungs. If Haldane were right it might be impossible to 
explain some of the results obtained in mountain experiments on the 
basis of gas diffusion through the pulmonary epithelium and a secretion 
hypothesis might have to be adopted. If we are right regarding the 
volume of the physiological dead space all the experiments from which __ 
reliable data are available can be explained by simple diffusion of — 
oxygen. 
2. In our investigation of the alveolar air by means of several 
consecutive samples from the same expiration (13) we have not taken 
the incomplete mixture into account. This must have caused systematic 
errors, but in most of the experiments there is no reason to think that 
they have been anything but very small, as the alveolar mixture must 
have been so nearly complete that the differences for CO, and O, have _ 
- been im ‘the second decimal place of the percentages. The errors are 
in the direction of making the gas exchange, both of CO, and Q,, 

‘Measured during expirations larger than it has really been and smaller 
during inspiration. A correction would on the whole accentuate the 
variations in gas exchange measured. In one experiment (13, p. 276, 
Table X, fig. 5) a deep and rather slow inspiration was taken just before — 
the —— examined. In this case the error is ‘probably rather 
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considerable, and the large increase in gas exchange found during the 
first part of the expiration is perhaps unreal and at all events exaggerated. 

3. We have found it necessary to make a rather extended investi- 
gation to see whether the incomplete mixture might influence the 
circulation rate determinations, as worked out by us(14, 15). We must 
remind the reader that we have described two forms of technique. In 
the “residual method” one very deep inspiration of an N,O mixture 
is taken after an expiration to the residual air and the breath held for 
some seconds before the expiration to obtain the initial sample of 
alveolar air. In the “equilibrium method” the air in the lungs is 
mixed with the air in the N,O spirometer by three: fairly deep (1-2 1.) 


and fairly rapid respirations immediately preceding the expiration — 


from which the initial sample is obtained. It is evident from the 
foregoing that when the residual method is employed the alveolar gases 
will have ample time to become completely mixed by diffusion, but in 


the equilibrium method it is conceivable that the mixture may still be — 


incomplete at the end of the third expiration. When that is the case the 
- initial sample will contain a percentage of N,O which will be higher than 
that of the total alveolar air and the results for the minute volume 
will become too high*. Our recent tests have included (a) series of 
comparisons between the total alveolar air expired after a normal 
period of mixing, and (b) series of circulation rate determinations in 
which we have varied the number of mixing respirations in the intro- 
ductory period. 

(a) The subject made the mixing respirations into a recording 
spirometer through a three-way tap. At the end of the introductory 
period the tap was turned and a deep expiration made into a second 


1 The outward occasion for this investigation was the report by an author who had 

endeavoured to modify the circulation rate method for clinical purposes (Sonne, Pf. 
Arch, 168, 1915, Hosp. tid. No. 43, 1915, and No. 9, 1916) that he had found the gas mixture 
_in the lungs to be extremely incomplete both during natural breathing and after the mixing 
_ respirations incidental to circulation rate determinations. We do not propose to discuss 
Sonne’s results which we consider as the outcome of lack of familiarity with the technique 
and theory of the problems involved. They are absolutely at variance with our own 
and with those of other respiration physiologists. 

‘ We must be allowed to point out that we did investigate the possibility of incomplete 
mixture in our original paper, but with negative results, and that we found that determin- 
ations according to the two methods gave the same results. Later the circulation rate 
determinations have been checked by Fridericia(16) and by Boothby and Sandi- 
ford (17) who calculated the circulation rate from the saturation of the venous and arterial 
‘same 
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recording | meter. At the end of this expiration an alveolar sample 
was taken and the gases in the expiration spirometer carefully mixed, 
sampled and analysed. From the analysis, the volume of the expira- 
tion, the initial volume of air in the expiration spirometer and the dead 
spaces in the air passages’, the tap and the tubing the composition of 
the alveolar expired air was calculated. As mentioned above there 


_ is a gorrection to be applied for the gas exchange during tlie expiration, 


amounting to about 0-15, CO, and 0-2%, 0,%. The corresponding 


_ correction for N,O cannot be accurately determined but is on the 


whole rather larger than that for O,. 


We have made a series of experiments with O, mixtures and obtained 
the results given in Table 14. Asa control on this series we have made 


the experiments 7-10 with a gas mixture containing very nearly the 


alveolar O, percentage. In this case it is obviously indifferent if the 


mixing in the alveoli is more or less complete, since the 0, percentage 
is nearly the same everywhere beforehand, and the differences observed 
between the calculated and observed O, percentages of the alveolar air 
are a measure of the influence of the gas exchange and of the probable 


Taste 14, Mixing of alveolar air with oxygen. 


Subject and Method 
A. K. 3 small resp. 
‘J. L. residual. 


7 
8 
» resp. 9. 383 4-00 149 1480 
0 3-72 4-08 1485 1448 


errors on the determination as a whole. The experiments show on the 
whole the same differences with low as with high O, percentages and — 


1 At the beginning of the expiration the dead space of the air passages and the tap 
is filled with air from the inspiration spirometer. A sample of this was taken just after 
the three mixing respirations and analysed. The contents of this spirometer were mixed 

* Just after the somewhat forced mixing respirations the circulation rate through — 
the lungs is altered and probably inconstant. The correction for gas exchange during the 
breathing. 


3 
4 
Composition of alveolar air i 
CO. ° 
No. calculated found calculated found 3 
] 4°65 4-76 22-4 21-62 a 
2 4-33 4°13 19-1 19-03 a 
39 4°28 19°7 19-64 
as 3 4 
» resp, 4 4-23 4-56 21-7 | 21-63 
5 3-68 4°15 20-0 19-63 ‘ 
9° 
6 3°87 4-01 24-9 24°53 A 
9 
28 
J 


give no indication. of anything but practically complete mixture. One 
_ single experiment (No. 1, A. K.) shows a difference which. is distinctly 
outside the normal limits of accidental errors. We do not venture to 
affirm that some serious error cannot have been committed, but on the 
other hand we have just in this case used the smallest amount of mixing 
allowed by us on the basis of our first experiments: three rather slow 
respirations of 11. It is just. possible that we have to do in this case 
with incomplete mixture, but since such respiration is m practice 
- never used for mixing purposes we have not — the matter 
further. 
We have further made experiments N,O on three 
_ different subjects employing those N,O quantities which are used also 
in regular circulation rate determinations. It is clear that in these 
cases the difficulties are greater, because the influence of N,O absorption 
in the blood. during the expiration cannot be accurately estimated and 
also because the analyses are less accurate. For this reason we have 
_ been exceptionally careful and in most. cases made double analyses of 
all the samples. In four of the experiments the double analyses did 
not agree so well as we could wish, and we have been obliged to classify 
these analyses as not completely reliable. The error from this source 
may amount to + 0-1°%,. The results for the first two subjects are not 
_ so fine as we might desire owing no doubt to accidental errors, but the 
series on M. K., who mixed by means of three respirations of about 
‘V1. is’ ‘extremely regular and shows. for the CO, and 0, differences 


| Tasw 16. Mixing of alveolar air with nitrous oxide. 


calculated’ “Yound caleulatel found 
ALK. Sresp. 448 4-28 14-2 14-21 11-37 Analyses less 

» Sresp 465 489 133 1305 146 1403 
Averages 480 «648006 13-138: 
residual 5-70 121 12:20 11-86. 11-80.) Analyses less 
400 419 186 1839 136 18-33 
be Averages 495 495 1285 1280 1272 12-66 
M.K. 3'resp. 382 397 1422 1406 1400 1806 


” ” 424 439. 1364 1844 1261 1216 
” ” 366 1463 


Averages 388 6402 1417 1402 1288 1262 
MK. Sresp, 382 389 13:80 1380 13-16 18-12 ‘Pause before 
» » 896 889 1408 1405 1290 1282 expiration 
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_ which. correspond to the gas exchange during the expiration, The _ 
difference for N,O is on an average 0-36 %/, which is probably slightly 
(about 0-1°/,) more than would correspond to the N,O absorption during 
the expiration. -The mixture is therefore, probably, net quite complete, . 
but the error is too small to have any appreciable influence on a circula- 
tion rate: determination. In: the two last experiments of the series 
the subject made a pause of about one second before expiring into the 
_ spirometer. This seems to have practically obviated the difference, 
which confirms the view that part of the N,O difference in the preceding 
experiment is really caused by incomplete mixing. 

(6) Ifthe gases in the lungs are incompletely mixed by three respira- 
tions we must expect that by using more mixing respirations of equal 
depth and rate in the introductory period we should obtair a lower 
figure for the minute volume or, what amounts to the same, a higher 
figure for the oxygen taken up per litre blood. If the mixing can be 
considerably improved we should expect the figure to rise rapidly at 
first and gradually approach a constant level. | 

_ On the subject M. K., on whom we found above some slight evidence — 
of incomplete mixing with three respirations, we have made the experi- 
ments grven in Table 16. | 


“Taste 16. Utilisation of oxygen, ¢.c. per litre blood. 


Subject 
MK. 50-5 46 
405 41 
54:5 43 

Averages 46 525 


These show that the number of respirations in the introductory 
period is without influence at least up to five, but with six respirations 
the O, per litre perhaps rises a little. This is of course not due to any 
incomplete mixing with fewer respirations but, if it is real, simply to the | 
fact that a prolonged deep respiration will affect the circulation itself. 
The number of respirations in the introductory period which a subject | 
will stand before this effect will make its appearance is not constant. 
On: A. K. we found in two experiments the same O, absorption per litre 
blood with three and five respirations. On J. L. the circulation was 
practically unaffected by four respirations but a large increase (40°/,) 
in the O, absorption per litre blood was observed with five. On R. E. 
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we found also that five respirations nprerne (by about 20%) the 
a t O, absorption per litre blood during rest. 

gcse 28 to avoid psychic influences and to have a regular circulation 
we have finally made a number of determinations on J. L. and R. E. 
during light ‘and constant muscular work on the ergometer’. We 
have compared experiments with one inspiration from the spirometer 
and @ pause of 3-5 seconds with others with two, three and in a few 
cases four mixing respirations of approximately the same depth but 
a slightly more rapid rate than those made in the rest experiments. 
The natural respiration during the work was further not very different 
from that employed for the mixing. The results are on \ the _—_ 


Numberof mizing respirations 


82 73 94 130 
73. 86 81. 120 

80 89 100-5. 
114 88:5 79 98 

88-5 94-5 

88 

Averages 87 106-5 
R. E. 835 90 88 
93-5 
94 — 


very regular and very striking. On J. L. the number of mixing 
respirations up to and including three is evidently without any influence 
upon the result, but four respirations take too much time, when the 
circulation is increased to about 13 1. per minute, and the resulting 
circulation rate becomes too low. On R. E. experiments with one, two 
and three respirations have been compared and give exactly similar 
results. The mixing has therefore been complete in all cases. | 
_ While the control experiments made by Fridericia, Boothby 
and Sandiford and ourselves have demonstrated that there are no 
inherent errors of a technical nature in our method for the determination 
of the circulation rate, when it is carried out in accordance with the 
rules, laid down especially by Lindhard(is), we desire to emphasize 
a Lindhard(15) has formerly in a number of experiments involving muscular work 


duotory respirations respectively and observed no difference. 
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a sila to which Lindhard has also drawn attention, namely: the 
great difficulty inherent in determining the normal resting circulation 
of any individual. The circulation during muscular rest is evidently 
an extremely labile function, which can be easily and greatly influenced 
psychically by the experiments themselves and all sorts of extraneous — 
factors’. We cannot give any definite rules the observance of which 
will secure normal results, but it will always be necessary to watch 
the subjects closely and to repeat the determinations several times. 
The first values obtained on a subject not trained to respiration experi- 
ments are almost always misleading. For these reasons we think it 
our duty to warn against the clinical use of the method, the more so 
as abnormal conditions of the lungs of patients may also, possibly, - 
give rise to incomplete mixing of the alveolar gases and thereby to 

grave errors. 


SumMMaRY. 

1. Just after inspiration the gas mixture in the lungs beyond the 
dead space (the alveoli taken in the widest sense of the term) is not 
uniform throughout. The differences are usually slight but with deep 
and slow breathing they become considerable. With deep and rapid 
breathing, as in muscular work, the mixing seems to be again improved. 

2. In attempts to determine the dead space of the air passages — 
these facts must be taken into account if reliable results are to be 
obtained. The very large dead spaces determined by Haldane and 


-_ by Henderson and his collaborators are unreal. 


3. The real dead space of a human subject is constant at Guliemary 
inflations below the resting position of the chest. At larger inflations 
it increases gradually. With a maximum inflation of the lungs the 
increase may amount to 100 c.c. 

__ 4. No evidence has been obtained of any unequal ventilation of 
different lobes of the lungs. 


5. The composition of the alveolar air should in most circumstances 


be determined preferably by calculation from the expired air, the volume 
of the expiration and the dead space. When the breathing is deep 
the resulting increase in dead space should be taken into account, but 
during muscular work very slight errors only will usually result from 
not doing so, because the increase is small compared with the depth of 


3 During muscular work it is, as we have noted repeatedly, much easier to avoid the 
disturbing influences and to obtain reliable results. 
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respiration. The direct sampling Priestley 
has in certain cases given rise to fallacious results. 

6. Our method of examining the composition of the alveolar air 
_by @ series of consecutive samples from the same breath is open to 
objections. The errors are probably not lange éxceptin one case specified 
above. 

7. The errors caused: by incomplete mixing of the pulmonary gases 
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| ‘THE MECHANISM OF CARDIAC ACCELERATION BY 
|... -WARMTH AND BY ADRENALIN. By 0. LOVATT 
EVANS (Sharpey Scholar). 


(From the Institute of Physiology, University Coleg Londen ion?) 


_ Two convenient ways of causing acceleration in the rate of the de- 
nervated mammalian heart consist in the action of warmth and of 
adrenalin. The influence of each of these factors on the — | 
metabolism of the isolated heart-lung preparation made 
to Starling’s method have already been studied and dealt with in 
previous communications (Evans); Evans and Ogawa()); with 
regard to the influence of temperature these experiments led to the 
conclusion that when a range of temperature of 7° was studied, the — 
oxygen usage varied directly as the pulse rate, or in other words the 
oxygen consumption per heart beat remained constant throughout this 

temperature range: In the investigation on the effect of the addition 
of small amounts of adrenalin to the circulating blood, such constancy | 
of gaseous metabolism was not to be observed, the organ apparently 
3 Be requiring much more oxygen per beat when accelerated by the drug 
} than when beating normally at its proper rate. It was thought ad- 
Ee visable to further investigate this action of adrenalin, and especially to 
carry out experiments which would enable the effects of both warmth — 
and adrenalin to be compared by performing the two kinds of experi- 
ments on the same hearts. It also seemed’advisable to ascertain the 
effects of greater differences of temperature and of larger amounts of 
adrenalin on the denervated heart, in order to find out aid causes of 
any differences in their mode of action. 


The effect of temperature. 
“Method tie whe deneibed in the wort by 
Evans and Matsuoka(), and differed in various details from that — 
1 The experiments here described were carried out in 1914 and beginning of 1915. It 
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which had been previously employed in the experiments on the effect 
- of temperature and of adrenalin; the most important difference from 
‘the earlier apparatus was in the arrangement of the venous reservoir 
and inflow tube, which were so constructed as to maintain an even and 
- moderately high inflow of blood into the nght auricle. The aortic 
output (4.e. the left ventricle output minus the coronary flow) was 

meagured from time to time, in order to ensure that the work of the 
heart was not much influenced by alteration of output; if changes of 
output: were observed they were corrected by increase or diminution of 
the inflow whenever this was possible. At the time the earlier observa- 
tions on the effect of temperature were made, the influence of variation 
in the output was not known; we know now, however, that small 
changes in the output do not materially affect the gaseous metabolism — 
of the heart). i 

The arterial pressure was kept quite constant throughout each 
experiment, and the work done by the heart and the mechanical 
efficiency were calculated in the usual manner (8). 

The temperature of the heart-lung preparation was ‘altered by 
warming or cooling the water in the warmer which is placed in the 
blood circuit; such changes of temperature were effected as rapidly as 
possible, and the blood had usually reached the desired temperature at 
the end of about five minutes. The metabolism was measured during 
the change of temperature, but the results obtained are omitted from 
the tables; as soon as the temperature had become quite steady the 
determination of the metabolism at the altered temperature was com- 
menced. ll figures for oxygen consumptions given in the tables have 
been corrected for the metabolism of the lungs wissen: to the values 
given by Starling and Evans (4). 

In the experiments in which graphic sisal of the endocardiac 
pressure were made, the method employed was to pierce the ventricular 
wall by a trocar and cannula, the diameter of the cannula being about 
3mm. After introduction the cannula was tied im situ by means of 
& purse-string suture, and connected by narrow leaden tubing with a 
- Hiirthle manometer recording on smoked paper.. 

The results of some experiments in which the temperature was 
altered over as wide a range as possible are given in the following 
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Dog. Heart 45 grms. Arterial pressure =100 mm. Hg. First two periods 


_=20 min.. The remainder 15 minutes. 


' Period “heart permin. by heart per hr. 
(Cooling 146 
} 
4 
Cooling 139) 3 
to. to } 
31° 
124 227 
Cooling 124 
7 to to 
28° 97 
2° 97 04 195 
97 
of } 
25° 65 
6° 66 88 182 
(Warming 65 
ll to to 
40° 208 
12 40° 208 268 556 
Exp. 2. Dog. Heart 60-5 grms. 
15 minutes. 
1. 37 187 220 
2 87? £41387 
3. 1190 
4 31° 89 183 378 
28° 69 3100 
6 40° 145* 510 


32-5 


Oy 

tad per 
4-95 
4-85 
143 4-55 
167 4-96 
157 

6866 


Og 

ing. heart 
36 
35 
32 
+33 
36 


-48 


213 


213. 


213 


Arterial pressure=100 mm. Hg. Periods of 


5-44 

10-0. 587 

576 
129 870 
96 58 


* Pulse somewhat irregular. 


42 
48 
“57 
59 
“47 


Exp. 3. Dog, Heart 32°5 grms. Arterial pressure = 120 mm. Hg. 


188 
188 
74 


431 


95-7 


68-7 


68-7. 


67:5 


108 3-95 
169 — 
139 
28 


1-17 


8 


32-2 
32-2 
32-2 
32-2 


32-2 


51-3 


37-2 
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5 21:3 
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32°5 lial 21-3 
a 
21-3 
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9 32-5 — 21-3 3 
— 91:3 
24 
28°5 ‘50 2 
Be 
48-8 3 
99 
She) 
l 428 888 86 4 
= 
27° 
3* 29° 93 238 495 1-31 4 
4* to to 234 5627 136 
39° 171 
5* 39° 171 384 797 63°7 8-0 5°9 1-15 133 a 
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- the oxygen usages are plotted against the*pulse rate. It is evident 
from ‘this figure and from the values given in the tables that when the 
temperature range extends over 12° or 15°, the oxygen consumption 
does not run parallel with the pulse rate, though over a smaller range 
_ it would appear to do so; what happens with a big temperature range 
is that at the extremes of temperature, and especially at the lower 
limits such as at 25°, more oxygen is required per heart beat than at 
‘temperatures which more nearly approach the normal body 9 0a 
ture, such as 30° to 37°. 

In the causation of this result there are several factors which stat 
contribute, while on the other hand there are certainly others which 


ig. Showing that over lage temperature range the relation between 
pulse rate and oxygen usage is not linear one. 


tte 


tend in the opposite direction of rendering the performance of the heart 
more efficient. 


(i) Depression of metabolism by lowered temperature. (ii) Stowe 
| conversion of tension energy into work, owing to 
systole. (iii) Longer time for restorative processes in diastole. 


(II) Factors which tend to increase metabolism. 


(i) Fewer ‘beats in unit'time, and therefore (ii) More work aie 
= beat. Dilatation of 
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CARDIAC ACCELERATION. 


_. These. various factors are so interwoven that it. does not seem ‘at 
present possible to distinctly separate them one from the other; the 
following considerations are, however, added as an attempt in this 
direction. 

Lowered temperature would reasonably be expected to give rise to 

a lowered metabolism. We might theoretically regard the cardiac 
| sulin as made up of two components: (a) a “basal” metabolism, 
independent of contraction, but affected directly by change of tem- © 
‘perature, (6) a “beat” metabolism associated with the tension changes 


_ of the contraction, independent of temperature, but dependent on the © 


changed mechanical conditions associated with the low temperature 
such as altered diastolic volume, duration of systole, etc. 

- When: the rate of work per unit of time is constant, as it was in the 
experiments under consideration, the work done at each beat must be — 
 inereased when the pulse rate is slowed ; the constancy of the metabolism 
per beat which is observed over moderate ranges of temperatures is 
_ quite probably due to mutual compensation of factors and the raised 
metabolism at either extreme of temperature due to one or other factor 
becoming unduly prominent. 

With regard tothe basal metabolism, this cannot be determined by 
any direct method, and all indirect’ methods are open to serious objec- _ 
tions. Rohde(s) attempted to determine it by bringing the heart to — 
test (or apparent rest) by feeding it with solutions free from calcium 
and potassium, but to this there are clear objections, e.g. the persistence 
of fibrillar twitchings throughout the musculature, the abnormal con- 
dition into which the heart was brought by the lack of such essential 
‘ chemical substances, the difficulty of maintaining adequate ~srupieny 
of perfusing fluid through a quiescent heart, etc. 

The attempts which I have made to determine the basal 
seem to have been equally futile; they consisted in extrapolation from 
results obtained at various temperatures with the object of ascertaining 
what the metabolism would be when the pulse rate became zero; in 
the case of Exps. 1 and 2 for instance, the calculated usages with a 
pulse rate of zero were 1-7 and 1-8c.c. respectively, per gram heart 
per hour. This value represents about half the normal metabolism 
of the heart at body temperature (the mean of forty-seven experi-_ 

ments by Evans and Starling was 3-24¢.c. per gram per hour()), 
and this value is in agreement with that found by Rohde. If, 
+however, such an amount be deducted from the total metabolism — 
of ‘the ‘heart, we find-that the result is then over-compensated, 
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i.e. the metabolism is then relatively much less at low temperatures 
at 
a, a estimates can be regarded as of much value; nor do 
they give us any information as to whether the basal metabolism varies 
with the temperature, or enlightenment on the very fundamental 
question of whether it is biologically sound to consider the heart tissue 
as having any real basal metabolism at all, 1.c. whether there is or is 
~ not a functional outlet for all its metabolism, although these functional 
manifestations may frequently escape our observation. But on the 
grounds of general analogy it would seem reasonable to assume that if _ 
the basal metabolism is to be regarded as a contribution apart from 
that due to functional activity (which is at all events a convenient 
. theoretical conception), it would also suffer decrease and increase 
according as the temperature of the heart tissue was lowered or raised. 
Exp. 4, which is given below, shows the result of a curious accidental — 
occurrence which is of considerable interest, since it indicates that the — 
_ amount of oxygen used does depend directly on the temperature of the — 
heart independently of the number of beats. The experiment was 
prepared in the usual manner, commencing observation at a tempera- 
ture of 38°. The pulse rate was noticed to be abnormally slow, viz. — 
about 50 per minute. After two periods the temperature was lowered 
to 30°-31° when instead of becoming slower the pulse rate accelerated ; 
the phenomenon was not due to a pulsus alternans as far as could be 
ascertained from inspection of the heart, all visible beats being counted. 
It seems probable that it was due to a sino-auricular block at the 
higher temperature, which disappeared at the lower temperature. On 
again warming the preparation to 38° the block did not reappear, and — 
the pulse rate became normal—120 per minute. That the oxygen 
usage depends on the temperature apart from the number of beats is — 
seen from the 2nd and 4th periods where the pulse is faster in the latter 
at the lower temperature than in the former, while the oxygen used is 
less. The result is more clearly seen when we calculate the amounts 
of oxygen per beat and per kg.m. work done, as in the last column; 
at 31° it was 9-3¢.c., whereas at 38° it was 187 and 27-8c.c. On 
warming to $6° in period 5, the amount falls to 5-2 c.c., the number of 
beats at that temperature being now normal. 
EBep. 4. Dog. Heart 31-5 grms. The experiment was started at 38°; at that tem- 
perature the auricles and ventricles were beating at same rate, but slowly. On cooling 
down to 30°-31° there was an acceleration of the rate of auricles and ventricles, | 


perhaps 
due to resolution of a sino-auricular block. On again warming to 38° the block did not 
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CARDIAC ACORLERATION. 


‘Period hr. heart min. pressure per br. fy heart per hr. clency Fon hr. x 
3 22 38°90° 66 (114. 188 388 455 117 41 104 
5 365 38 «6190 «(116 


With regard to the “beat” metabolism, we have to consider the 
new factors which are introduced owing to the change in the mechanical 
conditions, when the temperature is altered. These new factors are 
the altered volume and the altered duration of systole; with regard to 
the latter, the endocardiac pressure, although no greater, is sustained 
longer when the pulse rate is slowed down by cooling. The following 
results of measurements show that the length of time spent in systole 
is not only absolutely, but also relatively longer at the lower temperature. 


Duration of Systole as 
Tem °/, of 
20 46-5 
34 0-28 38-0 


in such an as this, we the area of the endo- 
cardiac pressure tracing by the pulse rate, the “ pressure product” 
which results is a measure of the energy utilised in raising and sustaining _ 
pressure in the ventricle; it relates pressure change to time, and in an 
isometric curve of contraction all the tension energy set free would be 
thus employed. In the following table such a calculation has been 
made; the areas of the endocardiac curves were found by weighing ~ 
and are expressed in arbitrary units. 

Tom. 

37 0245 153 3°75 

31 0386 99 3-82 


The table shows that at different temperatures the seomees product i is 


almost the same, so that apparently we cannot regard this factor as of : 


much importance in determining the alteration of metabolism. | 
With regard to the effect of altered volume, it is certain that the 
result of cooling the heart is to cause dilatation, and as shown by 
Evans and Matsuoka@) this would tend in the direction of an 
increased tetabolism per beat; the reduction of the metabolism at 
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lower temperatures would thus be less than it would have been if the 
basal metabolism alone had to be considered, so that as a result of this 
the metabolism would represent a smaller efficiency than would have 


been expected at the low temperature. When we compare the results 
of determinations of the changes in heart volume with those of endo- 


cardiac pressure given above, we at once see that the effect of the volume — 


change is considerable. The area of the cardiometer tracing, multiplied 
by the pulse rate may be called the “volume product,” and represents 
the relation between time and the energy used in imparting velocity to 
the blood leaving the ventricle; in a heart working under isotonic 
conditions all the tension energy would be thus utilised. The table 
below shows that the “volume product” practically varies gdm as 
| the pulse rate. | 


Temp. Pele Volume 
volume minu 


37 01265 153 
31 032 © 99 3°17 


| We see from this that as the dilatation of the heart sit the 
work of blood-expulsion requires a greater expenditure, which shows 
itself in the form of an increased rate of oxygen usage per beat. 

Evidence of the marked dilatation of the heart is afforded by Exp. 3 
in which the heart was cooled down to 27° C. and in which the pressure 
in the superior vena cava was taken by means of a manometer filled 
with saline solution; as the heart dilated the intra-auricular pressure, 
and consequently that in the superior cava, rose steadily. Thus at 
40° C. the pressure was 86 mm.; at 27°C., in spite of diminished out- 
_ put (37-21. per hr. instead of 51-31,), the pressure rose to 256 mm.; 
when the temperature was increased only 2°C. this fell to 110 mm. 
The subsequent rise of pressure to 136 mm. on warming to 39° C. was 
probably the result of fatigue caused by the extreme dilatation at the 
lower temperature. 

We thus see that in the effect of temperature on the heart, factors 
which operate in opposite directions are introduced, so that varying 
results may be obtained according to the prominence of these various 
factors; when the mechanical efficiency of the heart is calculated, this 


will vary accordingly. For cooling over moderate ranges, ¢.9. down to 
28° or 30° C., the dilatation is not usually so great as to counteract the 


lowering of the metabolism due to the direct effect of temperature in 
depressing the metabolism; the net result is therefore an increase in 
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efficiency. With further lowering, however, the effect of the cardiac 
dilatation becomes more 2nd more marked, and eventually results in 
a rapid diminution of efficiency. 

With regard to increase of temperature above the normal, the same 
considerations apply; above 40° ©. the efficiency very speedily falls off, 
because not only does dilatation set in, but the basal en is also 
being rapidly increased. 


The efficiency of the heart. 

The calculations of cardiac efficiency which have been made in all 
articles by the author represent the gross efficiency ; they represent the 
percentage of the total usage of potential energy which reappears as 
work, in the same way as the efficiency figures of an engine would do. 
It appears to me to be futile to calculate efficiency by a difference 
method in the present case, however valuable this may be in the experi- 
ments on the metabolism of men performing muscular work; even in 
the latter case the practice has led to some curious results. The only 
mechanical efficiency of the heart which can be of physiological value. 
is that which tells us with what total expenditure of energy the heart 
can perform a certain amount of work. It appears equally useless to 
attempt to determine what proportion of the energy utilised appears as 
tension energy; as before, the criterion of the heart as a physiological 
machine is how effectively it can convert the tension energy at its dis- 
posal into work. It would no doubt be valuable to know how much > 
tension energy is set free under different conditions, but we must not 
and not the end itself. 


The effect of adrenalin. 

The experiments of Evans and Ogawa@) led to the conclusion 
that although the addition of adrenalin caused a large increase in the 
gaseous metabolism, with a temporary disturbance of the respiratory 
quotient, no very constant relationship between the pulse rate and the 
oxygen consumption could be traced. Rohde and Ogawac7) had 
previously claimed that the oxygen usage both before and after addition 
of adrenalin to the circulating fluid (saline solution) bore a constant 
relationship to the endocardiac pressure developed, in other words the - 
increased oxygen usage after adrenalin could be explained as due, 
firstly to an increased number of beats, and secondly to an increased pro- 
duction of tension at each beat. The conditions of experiment, however, 
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were far from normal; the heart was beating under purely isometric 
conditions, and, moreover, it is quite likely that with a heart fed merely 
with oxygenated saline, much increase beyond the normal oxygen 
supply would not be possible, and the heart would then be functioning 
in a state of oxygen lack. Even when liberally fed by fully oxygenated 
blood, the blood collected from the coronary sinus frequently contains 
13 °/, less oxygen than the arterial blood; this being so it seems in- 
conceivable that a saline-fed heart can be in any other condition than 
that of chronic oxygen lack, to which acute oxygen lack is liable to be 
added when any extra effort is demanded. In none of the cases where 
the heart worked under isometric conditions did Rohde find the 


metabolism raised by 50°/, by the addition of adrenalin; when under — 


isotonic conditions, where the initial usage was less, a three-fold 
increase was obtainable; in the experiments by Ogawa and the 
author a four-fold increase was not infrequently obtained, the heart 
functioning under the conditions of the normal beat. 


In the present experiments the effect of adrenalin was compared 


with that of temperature, the procedure being as follows: one or two 
periods at approximately the normal body temperature were first taken, 
the temperature was then lowered as far as possible and a further 
observation was made; adrenalin was then added in order to raise the 
pulse rate, if possible to that which was observed at the normal tempera- 
ture, but not higher; further periods were taken during the acceleration 
by adrenalin. If the mechanism of acceleration due to adrenalin is the 
same as that due to increase of temperature, then the oxygen used in 
the adrenalin periods should be either equal to or less than that required 
at the original temperature, according to whether the pulse rate attained 
under the influence of the drug was equal to or less than that in the 
first periods. 


In the course of these experiments it was found that there was 


always a limit to the accleration obtainable by adrenalin; beyond this 
limit further addition was ineffective in causing further increase of 
pulse rate. This effect was particularly noticeable at low tempera- 
tures; thus at 25°C. the pulse rate could not be more than doubled, 
however much adrenalin was added. That much unaltered — 


In order to supply a heart using 200 0.0. of oxygen per hour, 
_ of fully saturated saline solution must be completely removed each’minute. Since the 
saline would rarely be completely saturated on reaching, and seldom quite free from 
oxygen when leaving, the tissue, more than 140 ¢.0. of saline solution per minute would 
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was still present in the circulating blood at the end of such experiments 
was shown in Exp. 5. The pulse at 25° C. after the addition of 9-5 c.c. 
of 1: 10,000 adrenalin solution was 94 per minute, the acceleration — 
caused by the adrenalin being 100°/,. The preparation was now 
warmed up without further addition; when 37°C. was reached the 
pulse rate was 261, which was 136 °/, higher than that obtained at the 
same temperature without the addition of adrenalin; this indicates 
that for some reason the heart is less sensitive to adrenalin at low than : 
at high temperatures. 

The experiments on comparison of the action of adrenalin with that — 
of temperature increase show that in every case, although the original 
pulse rate at 37°C. was never attained after the addition of adrenalin, 
yet the oxygen metabolism was invariably decidedly higher, as is shown 
by the following experiments: 


Ezp.5. Dog. Heart 46grms. Periods of 20 min. Arterial pressure=120 mm. Hg. 
Inflow constant in 3-6 periods. 


Temp. Total kgm. kgm. ‘ded | 
of blood Pulse output by heart work of 

l 37° 115 21-3 165 342 38-8 11-4 6-15 0 — 
222297" lll 21-3 135 279 38-8 13-9 6-22 0 -90 
3 2 48 #4178 8 923 347 482 
4 26° 95 173 175 362 32:3 8-9 9-50 3-5 67 
5 25° 93-100 17:8 211 435 32:3 74 #8113 2-0 -59 
6 25° 93-04 #£«217:8 211 435 32-3 74 #115 40 


* The efficiency in period 3 is very high. It may have been due to an error of reading, 
but in any case it does not represent the efficiency conditions which ever obtain in the — 


Exp. 6. Dog. Heart 48-5 grms. Areal preemre=100 mm. Hg. 
1 365° 169 23 160 310 370 «41D 3-99 
2 365° 158 243 159 370 4-52. 
3 365° 162 23 16 82 370 108 #£«46 
4 
5 


370 162 823 
37-0 78 


243 


7. Dog. Heart 40-5 grms. Arterial pressure=100mm. Hg. Periods 20 


20 93 7-25 
24:8 90 735: 0 -— 
24:9 8-9 7-6 0 “79 
175 46 120 0 

1756 0 068 
176 0 83. 
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These experiments show that adrenalin exercises a decided effect in 
stimulating the metabolism. The causes of this increase may be one 
or more of the following factors: 

(a) Increased duration of systole. Alteration in duration of satole, 
if it affected the gaseous metabolism at all, would tend to diminish and 
not to increase the metabolism; calculations from seven experiments 
by Patterson(s) show that the duration of systole is not only rela- 
tively but absolutely shortened by adrenalin (29-7 secs. per min. for 


normal, and 25-6 secs. per min, after adrenalin, on the average of the — 


seven experiments). 


(6) Increased tension in isometric phase. It has been shown by 


Patterson that after adrenalin there is a considerable increase in the 


maximal endocardiac pressure produced in the left ventricle. Calcu- 


lating from the curve reproduced in his paper (Fig. 10 (2)), we can 
determine the “pressure product” as was done in the case of the experi- 
ments on the effects of temperature. | 


- This marked increase of pressure product indicates that there is develop- 
ment of more tension energy in unit time in the isometric phase after 
the addition of adrenalin. But it does not explain its cause. 


(c) Alteration in mean length of cardiac fibres. The mean volume | 


of the heart is greatly diminished by the action of adrenalin, the 
- shrinkage being usually clearly visible on inspection. This, according 
to the work of Evans and Matsuoka() should tend to diminish the 
metabolism, other factors being unaltered. 

(d) Alteration of output. Owing to the diminution in mean volume, 
the output was usually diminished, and never increased; this applies 
not only to the output per beat, but also to the output in unit time, 
the actual work performed being therefore diminished, since no attempt 
was made to increase the output beyond that which had obtained in the 
other periods of the experiment. This factor, then, should also lead to 
a diminution instead of to an increase in the energy usage. 

(e) Direct physical or chemical effect. We have seen that none of 
the above factors offer an explanation of the fact that adrenalin raises 
the metabolism more than the same acceleration of the pulse rate by 
increase of temperature would do; in fact three of the factors we have 
considered would tend a priori to lower the oxygen usage—the time 
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spent in syntole is less and the heart volume and output are diminished ; 
the increased tension developed i is regarded as an effect rather than as 
a cause of the general increase in metabolic activity. 

We must therefore conclude that adrenalin in some way mobilises 
the energy resources of the cardiac fibre in spite of the simultaneous 
shortening which results; it appears so to alter the conditions at the 
active surfaces involved that in fact the fibre is now enabled to shorten 
and still to carry on its work—the effect produced is, in fact, the reverse 
of that produced by fatigue. We know from the experiments of 
Patterson, Piper and Starling(@®) that the heart muscle fibres 
assume the shortest length which suffices to enable them to develop 
enough tension energy to perform the work which the heart has to do 
—increase the work, and the heart dilates physiologically in order to 


_ Increase the active surface and so continue to work at the raised level— 


lower the work, and the “tone” of the muscle is regained. The effect 
of adrenalin appears to be that it so stimulates the metabolic processes 
that the fibres, under the same conditions of work, can shorten and so 
work more economically; moreover, the restitutive changes following 
on contraction appear to be accelerated, so that the interval between 
the beats is also shortened. Under conditions of extremely heavy 
work, however, adrenalin cannot always bring about a shortening of 
the cardiac fibres, since, as pointed out by — the heart may 
under these conditions dilate. 

The fact that adrenalin is more active at higher than at lower 
temperatures is not incompatible with the view that the action which 
it exercises in accelerating metabolic changes is a physical and not a 
chemical one, and suggests that it assists in some way in the con- 


- summation of the process of restitution after contraction, thus leading 


to a shortening of the refractory phase and a quickening of the rhythm. — 


CoNCLUSIONS. 


1. The oxygen usage per beat, although approximately constant 
over small ranges of temperature in the neighbourhood of the normal 
body temperature, is increased at either extreme of temperature. 

2. The cause of the increased metabolism at abnormally low 
temperatures appears to be dilatation of the heart, with increase of 
the active surface; other factors are operative in both increasing and 
in diminishing this effect, the resultant only being apparent. Similar 
considerations apply to the raised metabolism at high temperatures. 
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“3. Ghe effect of adrenalin cannot be traced to such purely 
mechanical factors; the increased metabolism is apparently due to a 
direct and specific effect in increasing and accelerating the en 
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changes associated with contraction. 
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THE RELATIONS OF CARBON DIOXIDE IN THE 
~ BLOOD. By GEORGE A. BUCKMASTER. 


(From the Institute of Physiology, University College, London.) 


WueEn the literature concerning the state in which carbon dioxide 
may exist in the blood is studied, it will be found that not only many 
conflicting opinions are encountered, but that in particular the following 
view is explained by an assumption for which there is little experi- 
mental evidence. Blood can be caused to yield its total content of 
carbon dioxide to a vacuum, while blood-serum alone will not do this. 
Obviously the blood as such possesses a property of setting free carbon 
dioxide which is non-existent in blood-serum. Whatever the substance 
or substances may be which do this, they must possess more markedly 
acid properties than solutions of carbon dioxide which are known to 
redden litmus and exceed hydrocyanic acid in acid properties. 

As to the nature of the substances which expel carbon dioxide, the 
following quotations from standard text-books express the view which 
is generally accepted. ‘We can in fact by adding proteins to a solution 
of sodium carbonate and exposing the mixture to a vacuum obtain 
the evolution of practically all the carbon dioxide previously in com- 
bination with the sodium. In the corpuscles, both hemoglobin and 
proteins play the part of a weak acid.” Or, from another author, 
“When defibrinated blood is pumped out, the whole of the carbon 
dioxide can be removed, apparently because substances of an acid 


nature pass from the corpuscles into the serum and help to break up 


the carbonates. The hemoglobin in the corpuscles acts as a weak acid.” 
‘The statement that a constituent of blood is capable of liberating 
carbon dioxide from the carbonates of that liquid rests upon the experi- 


‘mental proof given by Pfliiger in 1864. This assertion was criticised 


by Hermann who explained Pfliiger’s results by suggesting that 
these were possibly due toa new formation of carbon dioxide during 
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the sicsclend In reply Pfliger said, “I had thought of this possi- 
bility and was satisfied that it did not exist’.” His experiment is one 
frequently quoted and the result has been adopted by Zuntz, Bohr, 
and A. Loewy. — a long search I have not found that it has 


: 


ever been repeated, In his own words, “About 36 c.c. of dog’s 
blood removed from the femoral artery is rendered completely gas-free _ 
in the Next 25-55 grammes of a solution of -eodium 


Archiv f. Physiologie, 1. 8. 84. 1868. 
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CARBON DIOXIDE IN BLOOD. | 107 
carbonste i in distilled water, which had been completely evacuated at 
50° C. in the pump, is mixed with the blood. On pumping out the gases 
from the mixture 14-373 ¢.c. of carbon dioxide was obtained, and 
subsequently after the addition of phosphoric acid a further amount — 
of 7-099 c.c. These two successive procedures completely decomposed 
the sodium carbonate.” ,I find that the total amount of this salt which _ 
was decomposed was 0-105 grammes, 

* A comparison of the rate of dissociation of solutions of bicarbonate 
alone, and when acted upon by hamoglobin, made me doubt whether 
a carbonate could possibly be decomposed by hemoglobin, or any 
protein or amino-acid of the blood. Should such a view be found to 
be experimentally correct, it is clear that the total liberation of carbon 
dioxide from the blood cannot be due to a protein. Some other explana- — 
tion must be found which shall conform to experimental work. 

I have used for my experiments a modified form of the blood-gas 


_ pump devised by Leonard Hill. The apparatus is shown in the figure. 


It possesses a single tap. The gases are dried over pure sulphuric 
acid. This evolved no trace of sulphur dioxide. Arrangements were — 
made for successively evacuating solutions of sodium carbonate and 
blood or solutions of hemoglobin obtained by dialysis of blood- 
corpuscles for some days at 0° C., and for thoroughly mixing these 
together afterwards. The pump gives a perfect vacuum which holds 
for many hours. To any objection that the pump might leak, it may 


be answered that since only determinations of carbon dioxide were 


required evidently their accuracy would be in no way impaired. : 

Any evolved gases were collected directly in the measuring gas- — 
burette of the-gas-analysis apparatus used by Haldane. This was 
exactly on his pattern with a similar arrangement of a control tube so 
as to make the readings independent of changes in temperature and 
pressure during the analysis. A side tube is fused at right angles into 
the measuring burette below the water-jacket. Gases can therefore 
be collected and analysed without my disturbance of the pump or 
gas-analysis apparatus. 

That this method gives results which are exact within the limite 
of experimental error may be seen by the following: 


by bubbling carbon dioxide through a wash bottle of 250 c.c. capacity. This is made so 


that a hollow glass screw fits closely over a plain tube, thus making a spiral channel about 
84 om. long. The gas bubbles rise through this spiral channel and a most efficient absorp- 


tion takes place. The carbon dioxide from the cylinder contained 96-12 p.o. of gas. 
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| 
‘Hours mm. Ag Found Difference 
764 0-522 0615 | = 0007. 
26 752 0-621 0-522 +0001 
3-0 754 |: 0-522 0-530 0-008 


All the experiments made to determine whether solutions of sodium — 


carbonate are decomposed by blood or salt-free solutions of hemo- 


globin were carried out on practically similar lines. The blood was 


first rendered gas-free and then the sodium carbonate solution, or vice 
versa. In either case the liquid which was first evacuated was caused 
to re-collect in its own receiver which was then cut off from the receiver 
next to be evacuated.. Subsequently the contents of both were well 
mixed and shaken. 
| The following quantities were employed in all experiments: 179 c.c. 
of a solution of sodium carbonate and 32 .c. or 36 ¢.c. of blood or 
solution of hemoglobin. The evacuation of the blood was always 
carried out at 38° 0. and that of the solution of sodium carbonate at 


50° C, On mixing, the reaction took place at 38° C. or 20° C. or 14° C. 


The total quantity of sodium carbonate employed in any experi- 
ment varied from 0-25 to 0-096 grm. The pure salt was made by 


igniting Kahl baum’s pure sodium bicarbonate to a dull red heat for 


about twenty minutes, care being taken not to fuse the salt. The 


sample of bicarbonate did not contain any trace of chloride or sulphate, 
but had these been present it obviously would not have mattered for 


these experiments. 
It will be sufficient to give in detail one experiment and a list of 


the others. All are of the same type and the results are uniform. In 


most experiments I used the blood or hemoglobin of the ox, but as a 
precaution, since Pfliiger’s experiment was made with the blood of 
the dog, some experiments were made with the blood of this animal. 
There is no substance in the blood of the dog which is distinctive 
from that of the ox as far as its effect on sodium carbonate is concerned. 
_ The following experiment is an exact repetition of the one performed 


by Pfliiger except that fresh defibrinated blood was used instead of — 


_ blood taken directly from an artery. 


26-5.¢.c. of a solution of sodium carbonate containing 0-105 grm. of the pure salt 


obtained by ignition of sodium bicarbonate was boiled and completely evacuated in the 


pump. This was then allowed to re-collect in its own reservoir at the temperature of the 
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of this contained 5-86 grms. of hemoglobin. The gases were pumped out completely 
at 38°C. in three-quarters of an hour, Throughout these two separate evacuations 
the pump remained absolutely leak-free. The gas-free liquids were now thoroughly 
mixed together, left for three-quarters of an hour at 14° C. and well shaken together. 
From time to time the pump was worked to see'if any gas was evolved. There was abso- 


- lutely none; the mercury in the pump striking sharply against the tap. 


At a temperature of 38° C. the same result was obtained. 10 c.c. of strong tartaric 
acid was now added with a hypodermic syringe pushed through a lateral rubber tube 
(see fig.). It is easy to do this without any entrance of air provided that efficient clamps 
are used, A free evolution of gas follows. This is collected and measured. Vigorous 
shaking at 38° C. is followed by the evolution of all the gas. Acid hematin of course forms. 

from 0-106 gram. of sodium carbonate ath 


Gas after mixing evacuated solutions... . = 000 
Absolute amount of carbon dioride gas evolved after tartaric acid 21-42 
In the following table the results of other experiments are given. 
Dog’s blood, 32—36 0.0. 
| Absolute 
_ Reaction between amount 
of Hemo- _ of sivéd. the 
Blood globin NaCO, ince 760 P Remarks 
1 6-7 0-2 0-15 | 0-14 40-9 boracic acid 
corpuscles subsequently added, 
7-2 o.c..CO, in 3 mins. 
2 Defibrinated 4-8 0-19 none 39-9 , 
(fresh) 
48 016 0-1 0-094 327 | Duration of reaction hr. 
4 Blood of 4-8 016 0-75 | 071 32-7 | Exp. 3 left for 18 hours 
2 used at 14°C. 
next day 
5 Defibrinated 69 0-105 none 21:5 
(fresh) 
Ox's blood, 32—-36 ¢.c. 
6 Lsked 31 0-:096 1:2 | 109 196] After tartaric acid 950.0. 
dialysed of CO, in 3 mins. 
7 0-006 «= O38 0-22 19°6 | Duration of reaction, 1 
7 Deposit of 
Laked 2-58 0-25 0-75 | 0-68 51-1 | Duration of reaction, 20 
dialysed mins. 7:7 of CO, 
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The results given in columns 5 and 6 lend but little support to the 


view that hemoglobin or indeed any other constituent of the defibrinated 
blood, or dialysed laked blood or the deposit of corpuscles of the ox or 
dog, is capable of freeing carbon dioxide from sodium carbonate. Though 
the evidence is not given in this paper I find the same is equally true 
for solutions of sodium bicarbonate. I attribute any carbon dioxide 
which is evolved as being dependent upon the development of acidity 
in the blood. That blood which is defibrinated, immediately shows 
a reduction in titratable alkalinity, and a still more marked reduction 
an hour later, is a well-ascertained fact. Zuntz and A. Loewy, also 


v. Limbeck, showed this yeats ago. Even at 0°C. this change in — 


reaction goes slowly on; I infer that this is so, since the highest values 
in exps. 4, 6, 8 are with blood that was either not quite fresh or which 
had been dialysed at 0° C. for 6 and 7 days. But the capacity of 
hemoglobin or the proteins of blood to liberate carbon dioxide from 


carbonates, which is assumed to occur by Zuntz, A. Loewy and Bohr, 


must be a negligible factor in any explanation why a total liberation 
of free and fixed carbon Goxits takes ag oe the whole ‘blood is 
evacuated. 


ERRATA. Von. 50. 
No. 4 p. 287. For ‘Merkel’ read ‘Meckel” 
419, 8 lines from bottom. For * guanidine’ rad ‘sodium slphooyanide’ 
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THE METABOLISM OF ARGININE. 
By W. H. THOMPSON. 


Third Paper. Arginine and Creatine Formation. — 
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My earlier observations(1) made on the metabolism of arginine had shown: 
that when administered to dogs, the major part reappears in the urine 
as urea and ammonia!. 
The total amount of arginine nitrogen recovered in this way after 
feeding varied considerably, ranging from less than 40 p.c. in some of 
the experiments to over 90 p.c. in others. These variations probably 
depended a good deal on the diet, but in all the feeding experiments there 
was a residue of excreted nitrogen unaccounted for as urea or ammonia. 
When, however, arginine was given by hypodermic injection, m some 
of the early experiments more nitrogen was excreted in the urine than 


1 The first of these early experiments was carried out in Marburg with arginine kindly 


_ given me by Prof. A. Kossel, but the series was not published for some years later. 


In the meantime Kossel and Dakin discovered the enzyme arginase, the action of 
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could dos come from the urginine used. At the time this result was 
_ attributed partly to the influence of the solvent and partly to a stimu- 

lating effect of arginine on metabolism. One of the recent experiments 
has confirmed this extra output of nitrogen after the injection of arginine. 

In all the others there is a deficit, furthermore the whole of the extra 

nitrogen excreted in, the urine is not accounted for as urea or ammonia. 
It may therefore be taken that in metabolism experiments in which 

arginine is given by feeding or hypodermic injection there is, with few 
_ exceptions, a margin of difference between the total nitrogen excreted 
and the amount which appears as urea or ammonia. 

_ . Meanwhile evidence has been accumulating which points to arginine 
as & possible precursor of creatine in animal metabolism. If this be so 
_ when arginine is added to the food or parenterally injected as in the 

_ ordinary metabolism experiment with dogs, it is certain that the fraction 


_ available for excretion as creatinine or creatine is often relatively small, 


less than 10 p.c. of the nitrogen of the arginine as a rule. There is 
however a further fraction of the arginine nitrogen which does not 
reappear in the urine within the period of observation. It is not 
improbable that this belongs to the guanidine nucleus, which con- 
ceivably may be methylated and stored for longer or shorter period 
in the muscles as creatine. Furthermore a wide variability is shown in 
the amount not excreted in the urine in different experimentsa—some- 


thing comparable to the variations shown in the excretion of creatine 


administered with food, as recorded by most observers. 

In view of these facts and considerations it seemed — to 
test the matter carefully by further experiments. Accordingly the 
following investigation was begun early in the year 1912 and has been 
carried on with some intermissions down to the present time. 


In the search for possible precursors of creatine, arginine has attracted 


attention because like creatine it is a derivative of guanidine and is 
contained in greater or less‘amouat in the protein of most foods. It is 


in fact the only cleavage product of protein hydrolysis, so far definitely — 


isolated in appreciable quantity, which contains the guanidine radicle. 
Further by oxidation of arginine in vitro with barium permanganate (1a) 
guanidine bytyric acid has been obtained, and it has been suggested @) 


that through this and the intervening stage of guanidine acetic acid, 


creatine is produced by methylation of the last named. 
Of the successive stages involved in this hypothesis, one, the final, 


has been definitely settled in the affirmative, namely the methylation 


in the animal body of glycocyamine or guanidine acetic acid to produce 
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creatine. .Jaffé@) (1906) administered glycocyamine to rabbits both . 
per os and by eubcutaneous injection with the result that the creatinine 


_ of the urine was increased and probably also the creatine of the muscles, 


this last point was however not conclusively settled, the number of 
experiments being too small. Moreover the creatine content was only 
determined for the moist muscle. Jaffé, who used the Salkowski 
method, showed however that the substance which appeared in the 
urine was creatinine and not to any appreciable extent glycocyamidine. 
Only traces of the latter were found. Dorner(4) confirmed and 
supplemented Jaffé’s results, using the Folin methods for estimating 
creatine and creatinine. He found a slight increase of creatinine accom- 
panied by a considerable excretion of creatine in the urine of the rabbit. 
The addition of glycocyamine to autolysing muscle appeared also to 
increase the conteat of creatine. Palladin and Wallenburger() 
more recently support this conclusion. They found an increase of 
creatine in the autolysis of rabbit’s muscle when glycocyamine was 
added. Subcutaneous injection also appeared to increase the content — 
of creatine in the muscles of a series of rabbits as compared with those 
of a control series which had not received glycocyamine. The deter- 
minations however were made for moist muscle only. 

As against these results must be place those of Czernecki(6) (1905) 


and Mellanby (7) (1907-08). The former (using the Salkowski method) 


found a slight increase of creatinine in the urine of the rabbit after 

giving glycocyamine by mouth. He could not satisfy himself, however, 
that this was due to methylation of the glycocyamine. Mellanby, who 
fed young chickens with glycocyamine, found an increase of creatine in 
muscles of one batch but not in those of another. He concludes that 
the substance does not contribute to creatine formation. His deter- 


minations apply to moist muscle only. 


My own observations on this point support the affirmative side. In 
these, glycocyamine was added to the food both of dogs and of birds 
with the results given in Table 1, p. 114. 

The two dogs were at the time fed on meat to which the glycocyamine 


was added on certain days. The uncertainties attendant upon the 


excretion of creatinine with such a diet were however reduced to a 

minimum by giving the animals weighed amounts of the same boiled 

meat, a sufficient quantity of which was prepared to last for eight to 

nine days and preserved in an ice chest. The uniformity of the results 

moreover is evidence that no serious error was introduced. This 

objection does not in any case apply to the experiments on birds, which 
| | 8—2 
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| the daily excretion of creatinine in the urine. | 


Group A. Two dogs. 

No. of days Effect on 

8 dan, 2 grms. 300. + 19 

8195 ibis 843 + 78 
Growp B. Birds. 

5a 3 days, 1 grm. 9-56 6424 «is BILD 18 
5b 5-47 69-02 = 

6a 3» 4645 11-77 - 4 

66 3 7-36 27-53 12-99 2 


— leave no room for doubt that glycocyamine gives rise to a very marked 
increase in the output of creatine. The possibility that glycocyamine 
(in food or otherwise given) reappears unchanged in the urine, and that 
- the procedure of boiling with hydrochloric acid in the Folin method of 
estimation, leads to a transformation of glycocyamine into glycocyami- 
dine and thus vitiates the analysis, has been dealt with by Dorner. 
He found that this occurs to but a very small extent and does not 
appreciably affect the results. I have performed experiments on this 
point also, by adding known quantities of glycocyamine to urine, and 
comparing the creatinine content, after boiling in the autoclave, with 
that of the same urine to. which no glycocyamine was added. The 
_ ‘results confirm those of Dorner. They are as follows: . 


Taste 2, Effect of adding glycocyamine to the urine of the bird 
and subsequent boiling in the autoclave with N/1 HCl. 
Estimated total creatinine of same 
Total creatinine of urine urine in mgms., to which an i 
83-8 ; 45 

The average norwal excretion per day of total creatinine before adding 
glycocyamine to the food of these birds was respectively 5-5 mgms. and 
8-9 mgms., so that of the whole increase, but a very small fraction could 
have been due to a possible transformation of glycocyamine into glyco- 
cyamidine. 

Confirmatory results were obtained by boiling samples.of a solution 
of glycocyamine in water, of the same strength in the autoclave as in 
Myer'’s method for transforming creatine into creatinine. The con- 
version was very small, and the eotags too weak to — reliable 
estimates the Folin 
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Two observations were ales made on the influence produced by 
glycocyamine on the creatine content of rabbit’s muscle. The deter- 
minations in one case were however for moist muscle only. The 
— are the results : 


Exp. Water Actual For 75°, 


Rightleg 7640 +4831 +4856 Before glyodcyamine 


3 Right leg Before ,, 
Left leg *6002 After ,, 


_ In carrying out these experiments the animal was fully anesthetised 


‘with urethane. . The right leg was removed as detailed later and the 


creatine content of its muscles determined. Glycocyamine was then 
injected by the jugular vein, and after some hours the left leg was 
removed in the same way and the creatine content of a sample of its 
muscles ascertained. In Exp. 1 the urine was collected before and 


after the injection of glycocyamine and analysed for creatinine. ‘There 


was @ distinct increase after the injection. . 
These observations, so far as they go, confirm the view that the 


administration of glycocyamine leads to an increase of creatine in the 


muscles, and in this respect the results coincide with those of other 
investigators. 

In my hands, therefore, sivenonaian when given saith the food 
or by parenteral injection led unquestionably to a marked increase in 
the output of creatine in the urine. The experiments also support the 
view that glycocyamine increases the creatine content of muscles. _ 

Of the other possible stages between arginine and creatine, on the 
hypothesis mentioned, none have been tested by experiment so far 
as I am aware. Observations have however been made on the effects 
of feeding with food rich in arginine, and a limited number in which 
arginine itself was used. Thus Hoogenhuyze and Verploegh(s) 
compared the excretion of creatinine on diets to which gelatine (9-3 p.c. 
of arginine) and casein (4-8 p.c. of arginine) were respectively added, but 
found no appreciable difference in the output. Myers and Fine() 
also observed the effects of feeding rats with edestin (14 p.c. of arginine) 
and casein (4p.c. of arginine). They found a slight increase of creatine 
in the muscles of those fed with the former, but abstain from drawing any 


definite conclusion. It is not stated how long the rats were fed on these 


proteins. The creatine of the muscles was estimated by extraction. 
Jafféqo) used pure arginine and performed two experiments on 
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injected during a period of three days. He found no increase in the 
excretion of creatinine. The Folin method of estimation was not used 
but instead the older Salkowski method. 

'  Tnouyedi) added arginine to liver extract and found an increase 
of creatine. An increase, though small, was also found when arginine 
was added to the perfusate which was passed through a surviving liver. 

Baumann and Marker(2) incubated arginine with minced muscle 
and also perfused it through the hind limbs of a dog, but found no 
appreciable increase of creatine. In one of the two perfusion experi- 
ments there was a slight increase, in the other, no effect. : 

The number of observations on the metabolism of arginine from | 
the standpoint of creatine formation made by any individual has never 
been large, and only one (Jaffé) examined its effect on the excretion 
of creatine or creatinine. Moreover his method of analysis was not 
_ sufficiently accurate. No experiments have hitherto been carried out 
in which the effects of arginine on the excretion of creatine-creatinine 
in the urine, and on the content of creatine in the muscles were simul- 
taneously observed. In the following research attention has been given 
chiefly to these points. 

The animals used were dogs, birds and rabbits, to which arginine 
was given either with the food or by subcutaneous injection, or by 
intravenous injection. The arginine was prepared as carbonate from 
herring milt by the method of Kossel. 

The observations fall into three groups, namely, first, a series in 
which the effects on the excretion of creatinine and creatine in the 
urine were examined. To this group also belong experiments on the 
effects of racemic arginine. | 

Following these come observations on the creatine content of the 
muscles, and at the same time on the excretion of creatine and creatinine 
as affected by arginine and racemic arginine. 

These experiments were performed on rabbits, and ~ arginine 
by intravenous injection. 

Lastly a third series was performed in which arginine ai given 
was combined with one or other possible precursor of creatine or in which 
these latter were administered alone. 
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total creatinine. 

The animals, dogs and birds, were fed with & constant diet, for 
the most part creatine free and after a preliminary period arginine was 
added to the food as carbonate, neutralised by acetic or hydrochloric 

Total and preformed creatinine were estimated for the most part 
by Folin’s original method in which the standard colour was that of 


N/2 bichromate of potash solution. It was also used for estimating _ 


the creatine of the rabbit’s muscle in several of the determinations. 
In three of the later experiments on the bird, and in a larger number 
with rabbits, the newer modification was adopted, in which creatinine 
zinc chloride is employed to give the standard colour. For the esti- 
mation of total creatinine by this latter method the urine was boiled in 
the autoclave with N/1 HCl and afterwards neutralised by adding the 
requisite number of drops of 10°/,NaOH. The objections raised by 
McCrudden and Sargent(13) to the use of picric acid in this a 
therefore do not apply to these estimations. 

Table 1 gives a summary of the results of adding arginine aakiinate 
to the food of dogs and birds. The birds used were in all cases ducks. 
Before adding to the food the arginine carbonate was neutralised, 

and in the case of the ducks a few c.c. of glycerine were added to con- 
ceal its bitter taste. In the experiments on birds, with the exception 
of numbers 2 and 3, the lower bowel was separated from the cloaca and 
an opening from the surface made into it so that the feces were passed 
separately from the urine. This procedure has considerable advantages 
but is attended with the risk of complications and is liable to give 
misleading results unless strict care be taken. Thus, feces accumulate 
in the lower bowel, and if not washed out regularly the food is not eaten 
and additional creatine appears in the urine from the mere want of 
food. The accumulation of feces in the bowel also keeps the weight 
up and tends to conceal the fact that the bird may be losing flesh. To 
avoid these effects the passage into the bowel, which tends to close, must 
be kept freely open. This can be done without difficulty or risk by 
using a local anesthetic, such as cocaine solution, and snipping the 
edges with scissors, naturally using antiseptic precautions. As a rule 
the opening requires to be enlarged every ten to fourteen days. The 
bowel should be washed out thoroughly at least twice a day with 
warm water, using @ large catheter or vaginal tube passed up for four 
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or five inches. It was also found very useful to inject a few cubic 
centimetres of glycerine after the evening wash out. If these precau- 
tions be taken and a suitable diet chosen, ducks can be kept in the 
metabolism cage for months in excellent health, in fact gaining weight 
after the operation: The diet given in the followmg experiments 
consisted of a soft food made up of boiled meal, potatoes and cabbage 
- to which a little milk was added. A small quantity of wheat or crushed 

_ oats was also given separately. After the morning dressing the birds 
were allowed to dabble for five to ten minutes.in a large basin of water 
into which some sand was thrown. Alongside this basin, crushed 


oats and some fresh green grasq were scattered, both of which seemed — 


to be highly appreciated. 

I deem it important to mention these details.since it is by no means 
easy, and yet of the utmost importance, to keep the birds healthy 
under cage conditions. Otherwise safe inferences from the results 

cannot be drawn. 
_ In two of the feeding ‘experiments with dogs & meat diet was given 
 (Exps. 3 and 4), and in one of those with ducks (Exp. 4) some powdered 
meat was added to the food for a time but afterwards discontinued. 


3. 


Group A. Dogs. 
No. of Oreatinine (total) excreted per day 
After 


4 9380 10400 1018-0 - 40 
8 1 7350 9420 810-0 6 
Av. = 836-5 991-0 
33-90 36-00 22-50 + 2 
6 4 30-62 28-87 3039 + 4 
25:03 16-43 110 
Tb 3 18-80 27-00 66 
$6.59 1448 19-88 80 
8b 3 8-73 9-69 8-33 + 30. 


Av. (omitting Exp. 6) = 28-62 
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The sieaatitlen of arginine carbonate given were: dogs, 2 grms. per 
day, except in Exp. 8 where 3 grms. were given: birds, -7 to 1 grm. per 
day : total (omitting Exp. 6), 18-7 grms. For details see protocols (p. 148). 

In Table 3 comparisons of the average daily excretion of total 
creatinine in the urine during a period in which arginine was added to 
the food are made with the same during period immediately before, 
but without this addition, and, as a rule, with a period immediately 
following, also without the addition of arginine. These periods are 
marked in the table as “Before,” “During” and “ After.” 

In Group A two of the dogs (1 and 2) were given a creatine-free dict, 


- the other two (3 and 4) a meat diet. The results are therefore con- 


sidered separately. In all the experiments there was a slight increase 
in the daily output of total creatinine, the average for the first two 
(creatine-free diet) being 23-6 mgms. per day, namely 10 p,c. over the 
normal, and for the second two (meat diet) an increase of 154-5 mgms. 


_per day, or 18-5 p.c. over the normal. 


In Group B all of the birds with one exception (Exp. 6) showed an 
increase in the output of creatine during the arginine period. Omitting 
Exp. 6, the average daily excretion in the period before amounted to 
23°82 mgms. in the period of arginine feeding to 29-22 mgms. and in 
the after period to 21:71 mgms. That is to say there was an increase 


of 5-4 mgms. per day (22-6 p.c. above the normal), presumably derived 


from the arginine fed. 

An analysis of these experiments showed the following results. Of 
the arginine nitrogen given there was excreted in the urine as excess — 
total creatinine the following proportions: (a) dogs on non-meat diet, 
1-75 p.c.; (6) dogs on meat diet, 10-4 p.c. ;,(c) birds, 0-81 p.c. 

Expressed i in another way: of the guanidine nitrogen given in the 
arginine there was excreted in methylated condition the following: 
(a) dogs on non-meat diet, 2-5 p.c.; (b) dogs on meat diet, wir cae : 
(c) birds, p.c. 

No very rigid inferences can be drawn at the present stage from 
these results considered by themselves. They can be only viewed in 
their proper light when the effects of arginine on muscle creatine are — 
dealt with later. It cannot, however, be claimed that the effects of — 
arginine on the output of total creatinine in the same class of animals — 
are proportional to the quantity given. This did not prove to be 
the case. Apparently other factors influence the results, one of which 
is probably the creatine content of the muscles at the time being. 
It was with the object of — this — that a meat diet was given . 
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of “ saturating” the muscles with creatine to a greater degree and leave 
a larger surplus for excretion m the urine. And this appears to have 
been the result, but it must be added that owing to possible variations 
in the composition given, notwithstanding precautions taken to keep it 
uniform, that the conclusions to be drawn from this group of experi- 
ments are less reliable than those from the other groups. 

Two possible objections have to be met. Towles and Voegtlin«) 
state that on a constant diet the daily excretion of total creatinine 
compating one day with another may vary as much as 30 p.c. in the 
dog. This however does not apply to averages taken from consecutive 
periods nor does it hold good for the one experiment, details of which 
are published by these observers. 

Thus the average daily excretion for one normal period of four 
days recorded by Towles and Voegtlin was 146 mgms., for a similar 
period immediately following 139mgms. Again the average daily 
excretion for a subsequent period of eight days was 118-6 mgms., that 
of a similar period later was 112-75 mgms. That is to say the variation 
does not exceed 5 p.c. when the averages of successive intervals are 
compared, and in this particular case the variation was always in the 
direction of a fall in the output. 

_ The second possible objection concerns the darkening of the urine of 
the dog when boiled with N/1 HCl for the estimation of creatine which 


. may lead to an error varying from 5 to 10 p.c. This however comes 


in only when boiled and unboiled samples of a urine are compared 
for total and preformed creatinine respectively. It does not apply 
to the comparison, of samples of urine of consecutive days all boiled with 
HCl for the estimation of total creatinine. 

It cannot be overlooked, however, that the administration of arginine 
might possibly have led to a “wash out” so to speak of creatine 
from the muscles of the body. This consideration is dealt with later 
and is shown not to have wid ae. The reverse as & matter 


of fact holds good. Pa 


output of total creatinine. 
_. birds, and rabbits. The dogs and birds were the same as those used 
. for feeding. The arginine carbonate was neutralised with hydrochloric 
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or acetic acid, and sterilised before being injected hypodermically. 
This, as @ rule, was done immediately after the morning meal. 

In the experiments on rabbits the sterile solution was slowly run 
into the right jugular vein from a burette, precautions being taken to 
keep it warm. | 


TasiE 4. Effects of parenteral injection of arginine on the daily 
excretion of total creatinine in the urine. 


 Growp A, Dogs (subcutaneous injection). 


| Creatinine (total) excreted per day 
No. of in Effect 
Exp. days After weight in grms. 
la 2 243°1 317-3 260-6 - 57 
16 1 239-6 2049 246-9 88 
2 1 218-3 270-0 2453 - 7 
fe 4 3 180-6 226-6 178-9 + 112 
: 460 2722 + 
225-5 2762 2329 
| 7 4 8760 9380 9060 +1 
Group B. Birds (subcutaneous injection) 
1 3 11-60 28-20 17-80 - 86 
2 4 22-50 20-30 15-40 + 58 
3 3 25-00 40-93 48-80 + 230 
4 3 20094 3126 2001 + 13 
on 6 1 10-79 18-05 10-10 + 25 
bo 7 2 19-97 26-13 21-94 + 16 
8a 2 17-07 27-07 14-10 - 4 
86 3 1415 2549s: - 40 
1775 «20-04 
Z Group C. Rabbits (intravenous injection). 
= Excretion of creatinine (total) per hour in mgms. 
After After After Ww 
Ce Exp. Normal urethane arginine(i) arginine(2) in 
2 3°34 1-71 6-08 365 | 2-10 
1-56 
38 82 10 168 
6 2-88 122 760 0-51 2°16 


3-48 2-53 6-23 1-89 2-02 


_ The quantities of arginine carbonate given daily were: dogs, 2 grms., 
with the exception of Exp. 16 where 1 grm. was given; birds, -7 to 
1 grm., total, 16-2 grms.; rabbits, 1 grm. per kilo, total, 13 grms. 

In Group A six observations were carried out on five dogs, two 
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being on the same dog, namely 1 aand 1 b. Four were fed on » non-meat 
diet, one (No. 7) was fed with horse flesh. 

The average normal daily excretion for the six leeetlons with 

non-meat diet amounted to 225-5 mgms, During the period of feeding 
with arginine this rose to 276-2 mgms., an increase of 40-7 mgms. per 
day (22°5 p.c.). In the after period the excretion fell to 232-9 mgms. 
per day. In Exp. 7 on a meat diet the actual increase per day was 
greater, namely 62 mgms. though the percentual increase was less. 
The variations in weight are indicated in the last column of the table. 
In three of the dogs there was a loss, in three a gain in weight. 

Group B consists of eight observations on birds, two being 
made on the same duck. Taking the average of the whole series 
the normal daily excretion of creatine amounted to 17-75 mgmas., 
that for the period of arginine feeding to 27:18 mgms. and for the 
after period to 20-04 mgms. That is to say there was an increase of 
9-13 mgms. per day, which compared with the normal output repre- 
sents an increase of 52-4 p.c. 

In the rabbit experiments a different procedure had of necessity 
to be followed. In these animals the creatine content of the muscles 
before and after the injection of arginine was estimated and the urine 
collected as well. An anesthetic (urethane) was given. To get a 
normal sample of urine a collection had to be made for a period of 
three to four hours prior to the injection of urethane. This was done 
by emptying the bladder as a rule between 4 and 5a.m. and again at 
8a.m., at which latter time urethane was injected. About 11 a.m. 
the right jugular vein was prepared, a cannula being inserted for injection 
of the solution of arginine, and the muscles of the right leg removed. 
The bladder was again emptied, and the arginine solution run in from 
@ burette into the jugular vein. At the end of three hours from the 
injection the bladder was again emptied. This took place usually 
between 2 and 3 p.m., after which the experiment was continued for 
a further three hours to obtain urine for a second period following 
the injection of arginine. When this was drawn off, the muscles of the 
left leg were removed in the same way as those of the right. During 
‘the whole of the time from the administration of urethane, and more> 
particularly from the commencement of the operative procedures, 
every care was taken to prevent loss of heat by wrapping in cotton wool 
and keeping the animal near a fire or on 9 hot water pan let into the 
operating table. 
| In Group C (Table 4) the hourly excretion of total creatinine is 
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given for four periods, normal, after urethane, after arginine No. 1, 
after argmine No. 2, Column three shows therefore the effect of the 
arginine on the hourly rate of excretion as compared with the previous 
periods. In every case there was a marked increase as compared with 
preceding period after urethane, and in all except one, an increase as 
compared with the normal hourly excretion. | 

Taking the averages of the whole series the excretion per hour in 
the first period after arginine injection is more than double that of the 
preceding period and exceeds the normal rate of excretion by nearly 
80 p.c. Analysing the results it is found that of the arginine nitrogen 
injected the following proportions were excreted in the urine as total 
creatinine that is in methylated condition: (2) dogs on non-meat diet, 
17 grms. of arginine carbonate in all given in nine days (containing 
4-25 grms. N); of this 3-2 p.c. was excreted as total creatinine; (b) dog 
on meat diet, 8 grms., containing 2-0 grms. N, given in four days; of 
this 4:58 p.c. was excreted as total creatinine; (c) birds, 16-2 grms., 
given in twenty-one days, containing 4-05 grms. N; of this 1-77 p.c. 
was excreted as total creatinine; (d) rabbits, 13 grms. given containing 
3-25 grms. N; of this 0-78 p.c. was excreted as total creatinine within 
three hours after the injection. Considering the results from the point _ 
of view of methylation of the guanidine nucleus the following pro- 
portions come out: (a) dogs on non-meat diet, 4-5 p.c. of the guanidine _ 
nucleus excreted after methylation; (6) dog on meat diet, 4-58 p.c.;_ 
(c) birds, 2-5 p.c., and (d) rabbits, 1-07 p.c. excreted in this condition 
within three hours. 

Control experiments. It was obviously necessary to ascertain the 
effect upon the output of total creatinine, of the experimental procedures 
in the foregoing series. Accordingly the observations given in Table 5 
_-were made, in which the technique was the same except that an injection — 
of the solvent used, namely physiological salt solution, was made instead 
of the arginine oir As a rule the injection was given on one day 
only, 

Ta the single experiment on » dog and in the series on the bird 
the immediate effect of the saline injection was a slight reduction in 
the excretion of creatinine. In the experiments on the rabbit the 
same effect is also seen, but here the second period after the saline — 
‘injection shows a slight rise. In dealing with the effects of arginine in 
these animals this period was however not brought into consideration. _ 
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‘Tastz 6. Control experiments showing the effects of 
_ employed in the experiments given in Table 4. Preformed creatinine in brackets. 


Doge Biota of injection of NaC solution. 


(443-9) (422-5) (434-2) 


‘Ge & Birds (subcutaneous injection of saline). — 


4 266 380 
5a 9-18 10-42 10-74 
5b 807 9-30 
5-62 663 
6b 8-35. 6-70 
10-62 
11-99 12 11-99 


Rabbits. Intravenous injection of saline. Excretion of creatinine 
) per hour in mgms. Preformed creatinine in brackets. 


Previous After After 
Exp. urine saline (1) saline (2) 
1-226 2-40 3-05 
| (222) (284) (2-33) (2-72) 
(3-83) (290) (293) (807) 
(250) 
4 3-16 
(2°79) (2:47) (2-48) 
5 230 3-05 3-34 5-80 
(1-58) 
(2-57) (2-41) (2°34) (2°76). 


the excretion of preformed creatinine. 

The account hitherto has dealt with the excretion of total sraiinine 
in the different experiments. It remains therefore to examine the 
effects on the output of preformed creatinine. 

The results of feeding and of are taken The 
former are shown in Table 6. 

Group A in this table includes the same experiments as are hewn 
in the corresponding group in Table 3. From the figures given it will 
be seen that arginine has no effect on the excretion of preformed 
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A. Dogs. 
No.of C (preformed) excreted per day 
in 
en Before During After 
2 21864 220-7 
3 218-3 231-3 
7 4 239-5 249-0 266-5 
fans. 1 462-0 467-0 419-0 
350-7 358 
Ta 2 7-65 4-08 469 
Tb 5-64 6-07 
5-08 


creatinine in the dog. The same is shown in three observations on the 
bird (Group B), two of these having been made on the same duck. 

Here it is necessary to remark that I have found preformed creati- 
nine to be present in the normal urine of the bird, and have published 
@ preliminary note on the subject(15). Neither aceto-acetic acid nor 
acetone was present. 3 

In the later experiments concentration of the urine was avoided by 
using as standard an appropriate solution of creatinine zinc chloride — 
diluted with picric acid solution. In respect to the use of such 
standards I can confirm the statement of Hunter and Campbell 16) 
that the tint they give darkens with age and that they should be. 
recently prepared. The fact came to light in my laboratory some two 
summers ago on comparing the tints given by two solutions of the 
same strength, one made before the holidays, the other immediately 
after. 

Using the bichromate standard it was necessary to concentrate the 
urine which is always mixed with a considerable volume of water as 
collected, ‘This was effected by distillation under reduced pressure at 
45°C. Quantitative observations on the preformed creatinine of the 
normal urine of the bird were not taken in hand till after four of the 
experiments had been completed; hence the small number recorded 
in Table 6, Group B, as compared with the corresponding group in 
Table 3. No feeding observations were made with rabbits. 

The effects of parenteral injection of a on me excretion of 
creatinine are in Table 7 | 
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of preformed creatinine. 


7. of pantera of rin on 


Group A. Dogs. | 
Oreatinine (preformed) excreted per 
le + 239-6 
16 1 2306 263-0 241-6 
4 3 1758 186-1 176-8 
2 234-7 254-8 
217-3 236-45 219-4 
Group B. Birds. 
8a 512 484 
86 8 4-21 4-40 410 
5-05 


Group Rabbite, | 


2 1-75 3-46 B32 

3 310 2-56 411 265 

4 2-00 160 

5 4:35 3°14 434 1-29 

6 2-27 277 0-59 
310 221 


_ On examining the results in the different groups as shown in Table 7 
it will be seen that the injection of arginine was followed by a slight 
increase in the output of preformed creatinine in the dog. Taking the 
average of the six observations in Group A, the actual daily increase 
amounted to 19mgms., that is approximately 9 p.c. of the normal. 
In the rabbit, an average increase of 0-8 mgms. per hour is also seen 
in Group C if the output in the first period after arginine be compared 
with that of the preceding or urethane period. That is to say an increase 
of 41-p.c, It so happens, however, that the effect is here magnified 

by the fact that in this group of experiments urethane reduced the 
_ output of preformed creatinine in the preceding or comparison periods 
more than usual as may be seen from Table 3. Probably therefore the 
would indicate if taken by themselves. : 
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Further we find that when compared with the average normal 
output, in the period before urethane, arginine did not produce an 
increase, nor in Group B (birds) did the injection of arginine increase 
the output of preformed creatinine. On the contrary a slight fall is 

shown, the variation not however exceeding the limits of error which 
are here somewhat wider than usual, owing to the small amount of 
preformed creatinine in the urine of the bird. 
| The final conclusion to be drawn appears therefore to be that on 
the excretion of preformed creatinine, arginine given per os has no 
effect, while arginine parenterally injected causes only a slight increase 
in the dog, and in the rabbit, but no effect in the bird. 

Note on “repeat” observations. In some of the experiments more 
than one period of feeding or injecting arginine was carried out. The 
results of these ‘‘ repeat” observations differed considerably from those — 
_ Of the primary and in more than one instance a reduction or negative 
effect was observed. A summary of the results is given in Table 8. 


Group A. Dogs. 

“Je 1 239-6 294-9 246-9 Injected - 88 

5 1 246-0 243-9 me = + 3 
3 895-0 915-0 904 With food 191 

8a 1 869-0 698-0 536-5 - 6 

| Group B. Birds. 

23-96 23-43 1447 With food Nil. 

8 3 1415 25:29 12-17 Injected - 4 


In Group A four of the experiments show a fall during the repeat 

administrations of arginine. Of the remaining two, one shows a slight 
rise, less than was observed in an earlier period, the other, an injection 
experiment, shows a well-marked increase. 
_ In the “repeat” experiments where arginine was added to a non- 
meat diet the proportion of its nitrogen recovered in the urine within 
the period of observation was less than in the primary observation. 
That is the amount temporarily retained was greater. | 

The results in Group B with birds are somewhat different. Here 

‘two out of the three repeat experiments show an increase of much 
PH. LI. | 9 
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the same order in the primary observations. 
_ shows a very slight drop, so small as to be negligible. — 


4. The ejects of feeding with and of parenteral injection of 

racemic arginine on the excretion of creatinine. 
| Siatiihin carbonate prepared from herring milt by the method of 
Kossel was racemised by heating with sulphuric acid for 33 hours in 
sealed tubes at a temperature of 160 to 180°C. asdescribed by Riesser(17). 
The racemised arginine was then recovered from the contents of the tubes 
by the phosphotungsto-silver-nitrate procedure. In all, about twenty 
grams of racemised arginine were obtained which proved to be inactive 
when examined with the polariscope. One attempt to prepare levo- — 
arginine by the action of liver juice, the arginase of which is said to 
attack dextro-arginine only, led to so much loss of material that it was 
not repeated. In all five experiments were performed. In two of 
these dogs were used, in the other three rabbits. In the experiments 
with: dogs the arginine was given both in the food and parenterally 
injected, in those with rabbits it was injected intravenously. In two 
_ of these latter the effect on the creatine content of the muscles was also 
observed. 


9 of arginine on the exrton of 


Group A. Dogs. 
Daily excretion of creatinine, total in mgms. 
12 2 (2grms. 316-3 398-9 
perday) (289-9) (289-0) food 
(756-1) (716-0) food 
859-0 767-9 Subcut. 
(763-3) (721-9) injection 
Group B, Rabbits, 
Previous After After 
urine urethane arginine(1) arginine (2) 
9 3-90 1-12 3-07 4-35 


(3-65) (1-01) (0-17) (2- 23) 


The urine was collected and: 
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analysed i in periods for some days before the injection. The average 
rate of excretion per hour for the period from 1 p.m. to 5 p.m. day by 
day, was in this way ascertained and found to be very constant. On 
| @ given day an intravenous injection was made (with the aid of a 
local anesthetic) a little before 1 p.m, and the urine collected for 
four hours subsequently. . The arginine-urine was further collected in 
periods on the two following days for comparison. It should perhaps 
be stated that the collection and analysis of the urine was not confined 
to the aftertioon hours here referred to, but covered the whole twenty- 

four, the night period being however longer than the — — 
from 9pm. till 8 a.m. The results are as follows: 


Before During After 


Dey 1  ###Dey3 467% Days 316 
 Day2 374 2 grms. injected Day 5 2-93 


The figures represent the excretion of total creatinine per hour for the — 
afternoon periods of five days. It will be seen that on day 3, that on 
which arginine was injected, there was a considerable increase in the 
output amounting to 0-93 mgms. per hour, that is to say an increase of 
24:8 p.c. over the normal rate of excretion. In reality however only 
a small proportion, namely 0°38 p.c., of the guanidine nucleus of the 
racemic arginine was excreted in methylated form within the period. 
A more marked effect is shown in the two rabbit experiments given in 
Table 9. Comparing the excretiog of total creatinine in the first period 
after injecting arginine with that of the previous period, the increase 
per hour in the two experiments amounts respectively to 1-56 mgms. 
after an injection of 1-08 grms. and -1-95 mgms. after an injection of 
2-0 grms. In the second of the two, this increase is further aug- 
mented in the period following, but it is difficult to say how much of 
this latter increase is due to arginine. Part of it is due to recovery 
from the effects of urethane, as shown in control experiments. In the 
two experiments of the guanidine nucleus administered, 0°73 p.c. was 
excreted in the methylated state. 

It remains now to consider the results of the two experiments 
with dogs. Number 12 showed the most marked effects obtained 
in any of the experiments. Here racemic arginine was given for three 
days, on the first two by feeding, on the third by subcutaneous injec- 
tion. The actual increase for the first two days amounted to 82-6 mgms. 
as compared with the previous period, that for the day of injection to 
neta. The effect continued for two days longer, adding a 
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further amount of 123-4 mgms. per day above the normal. There was 
thus a total additional output, including the after period, of 710-7 mgms. 
of creatinine during the five days, equivalent to 0-82 grms. of creatine. 
In all 6 grms. of racemic arginine carbonate were given. The guanidine 
nucleus of this quantity amounted to 1-47 grms. which if all were con- 
verted into creatine would yield 3-32 grms. Instead of this amount 
the output amounted to 0-82 grm., that is to say 24-7 p.c. of the 
possible from both components (dextro and levo) of the racemic 
arginine or 49-4 p.c. of its levo half. Thus the experiment, (which 
however must be admitted to be exceptional), yielded a larger 
excretion than was obtained from dextro-arginine alone and does 
not support the conceivable view that the guanidine radicle of the 
levo-arginine is used exclusively in metabolism for the formation of 
iy TasLz 10. Comparative effects of administering creatine in certain 


of the previous experiments. 
| | | Growp A. Dogs. 
Creatinine excreted per day, total and | 
985 848  Withfood 0-1 grm. 
(234-6) (280-0) (209) 
(202) (208-1) (191) 
(713-8) (733-2) (7397) With food 
\O4 ,, 
(730-7) (7245) (642-4) | 
12 2 430-7 428-7 0-7 
(284-3) (2055) (266-3) 
12 1 one 764 — Injected 07 ,, 
_ Group B. Birds. : 
, “164 10235 6545 Withfood 0-5 grm. 
26-8 39-3 27-5 in 0-04 ,, 
3 2087 3339 «86699260 0-10 ,, 
, (611) (737) (4-08) 
3260 3620 11:24 Injected 009 ,, 
(4-08) (5-05) (468) 
ts: 1648 - 23-51 22-35 Withfood 010 , 
(452) (485) (3-47). 
3 2235 3032 11-12 0-075 
(488) (5-06) {ow ” 
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the creatine of muscles; on the contrary it points the other way. In 
the second experiment with dogs, racemic arginine was given in the food 
_ for two days and injected subcutaneously on two immediately succeeding — 

days. The average increase per day during the feeding period amounted 
to 366 mgms. and during the injection period to 59-1 mgms., a total 
increase over the four days of 189-4 mgms., representing an excretion 
in methylated condition of 5 p.c. of the guanidine nucleus contained in 
the racemic arginine given; a slightly higher proportion than was 

obtained with dextro-arginine in animals on a non-meat diet. | 


5. Comparative effects of administering creatine. 

In view of the relatively small excretion of methylated guanidine 
after arginine administration, it was considered desirable for comparative 
purposes to ascertain the output of guanidine when given as actual — 
creatine to some of the animals under similar conditions of experiment. — 
The results it was thought would constitute a form of standard to which | 
the arginine effects could be referred. Accordingly creatine was given 
both by feeding and injection in the experiments given in Table 10. 

On analysing the results of the experiments given above they were 
found to be as follows: ba 


Group A. 
Ta 0-4 grm. fed 0340 grm. 0-304 grm. 98-5 % 
0-268 ,, 0-310 ,, 11-5 % 
ll 1-670 ,, 1-900 ,, 14-2 %, 
12 0-532 ,, 0-616 ,, 51-3 % 
12 07 ,, injected 0-333, 0-386 ,, 55 % 
Group B. 
eae 1-0 grm. fed -174 grm. 202 grm. 20% 
OF 0-12 ,, injected 0375 ,,: 0433 ,, 36 % 
Ta. 0-20 ,, fed 0506 ,, 0586 ,, 29-8 % 
1b 0-18 ,, injected 0306 ,, 0355 ,, 197% 
8a 0-20 ,, fed 0300 ,, 0348 ,, 17-4% : 
8b 024 ,, injected 04365 ,, 


"It will be seen that with the exception of Exp. 7a in Group A there 
was throughout considerably less guanidine nitcogen excreted as such 
than was administered. Part of it was excreted in other forms as — 
shown by the output of total nitrogen. But the experiments confirm 
what had been already known, namely that the animal organism retains 
(or metabolises), a considerable proportion of guanidine nitrogen when - 
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given in the form of @ methylated derivative, and thus demonstrate 
is not peculiar. | 


6. The effects of arginine administration on the creatine . 
content of muscles. 

Having ascertained that the administration of arginine, more par- 
ticularly when injected parenterally, leads to an increased excretion 
of creatine-creatiaine, it became necessary to determine whether the 
creatine content of the muscles was in any way affected. It is con- 
eeivable that the arginine given might have caused an excretion of 
creatine by ‘‘ washing out” from the store contained in the muscles. 


_ On the other hand it was possible in the great majority of the ex- 


. periments that a transformation of a considerable part of the guanidine 
radicle of the arginine into creatine took place, and that the major 
part was stored in the muscles, only a small fraction being excreted. 

To test these possibilities rabbits anesthetised with urethane were 
used. The animals were placed on a liberal diet of cabbage and carrots ; 
urine was collected early on the morning of the experiment as already 
stated, in order to obtain a normal sample prior to the injection of 
uréthane.. Atleast two hours after this were allowed to elapse before the 
operative procedures were begun. A cannula was then placed in the right 
jugular vein, through which the arginine solution was subsequently run 
in. The muscles of the right leg were next removed, hemorrhage being 
avoided by a line of sutures of thin strong twine laid close to and imme- 
diately below Poupart’s ligament. The sutures passed through the 
limb from front to back so as to include the whole of the tissues. Prior — 
to tying these an elastic bandage was laid round the leg from below 
up to free it: from blood. After the sutures were tied, the skin along 
the front was slit open and freed from the muscles all round as far 
down as the heel. A circular incision was then: made round the leg 
below the sutures and the flesh removed from both femur and leg 
bones. The latter were then amputated at the knee joint leaving 
_ the femur. This was wrapped round with cotton wool, and the skin 
replaced to prevent loss of heat. The cotton wool also served to 
check oozing from the cut surface of the muscles; urine was then drawn 
off from the bladder, and the arginine solution, heated to body tempera- 
ture, run in from a burette. After three hours urine was again drawn 
_ off and finally once more after a further three hours, when the muscles 

of the left leg were removed in the same way as those of the right. 
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- The muscles were at once placed in a porcelain basin beneath a 

bell jar the dome of which was lined with moistened filter paper. 
Durimg the freeing of the muscles from fat and other connective 
tissues every care was taken to avoid loss of moisture. The cleaned 
muscles were minced twice, thoroughly mixed and weighed samples 
taken at once for creatine, for water determination, and for inciner- 
ation. 

For creatine, the 5 grms. taken were placed at once in @ flask, 
100 c.¢. of N/2 H,S80, added and boiled as a rule next day (sometimes 
on the same day) in the autoclave for 30 minutes at 120°0O. For 
water and ash determination the samples of muscle taken were covered 
with absolute alcohol, stood over night and next day the drying com- 
menced in @ steam oven at 97°C. Drying was completed in a hot air 
oven at 105°C., care being taken to keep the temperature constant. 
In all the iater experiments an electrically heated oven was used at — 
this stage’. The samples taken for water determination were dried 
in stoppered weighing flasks, those for incineration in porcelain crucibles, 
and in both cases to a constant weight. In this way the water content 
of four samples of the muscle of each leg was as a rule ascertained. 

The total nitrogen of the muscle of the two legs was also determined, 
by the method of Kjeldahl, in measured samples of the solution used 
for creatine estimations. After boiling in the autoclave these solutions 
were filtered through glass wool into a 200 .c. flask. The glass wool 
and flesh caught upon it were finely ground and added to the flask 
which was then filled up to the mark. Before measuring off a sample 
with the pipette the fine suspension of muscle was thoroughly shaken 
up. The method gave closely concordant results in all the samples 
taken and proved in every way satisfactory. | 

Stress is particularly laid upon an accurate determination of the 
water in the muscles. A mere estimation of creatine in the moist muscles 
is wholly insufficient owing to great variability in the content of water. 
In the following table which gives the results of injecting both dextro- 
argininé and racemic arginine, the water, actual percentage of creatine, 
and the percentage of the latter when calculated for the same con- 
tent of water in the muscles of the two legs, are given in parallel 
columns. In every casé the right leg gives the analysis before, the 
left after the injection of arginine. Two of the experiments were per- 
formed before the necessity for water determination was realised. 


1 These experiments, seven in all including controls, were carried out in the 
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the creatine content of rabbit’s muscle. | 


Water water taken at 19% tn 


It will be seen that in all cases the-creatine in the muscles of the 


left leg—removed six hours after the injection of arginine—is increased. — 


The increase in some is small, not much exceeding the margin of 
error in the method used for the determinations, but in the majority 
the increase is well above this margin. The experiments therefore 
negative the possibility of creatine having been washed out from 
the muscles, and leave no room for reasonable doubt that the extra 
creatine excreted in the urine was derived from the arginine ad- 
ministered. The experiments as a whole give strong support to the 
view also that part of the guanidine of the arginine, after methylation 
to form creatine, is stored in the muscles. 

The greatest increase (-045 p.c.) occurred in Exp. 5 after an injection 


of 2-8 grms., the next (-0279 p.c.) after an injection of 3:14 grms. and — 


the lowest (-011 p.c.) in Exp. 4 after an injection of 1-50 grms. 
_ No marked difference was shown in the effects of racemic arginine. 
In the seven experiments in which the water content of the muscles 


was determined, 14-72 grms. of arginine carbonate (including racemic — 


arginine) were injected. This corresponds to 3-65 grms. of guanidine 
nucleus and if the whole of this were transformed into creatine 8-3 grms. 
_ would have been formed. The actual formation over the whole seven 
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experiments amounted on the average to -0231 grm. p.c. of the muscle. 
The average weight of the rabbits (including No. 8 the weight of which 
was not actually ascertained) was 1-89 kilos. Determinations of the 


- weight of muscle in the rabbit show that with tendon and fascia it 


amounts to 50 p.c., allowing 10 p.c. for the latter the average weight of 
muscle was 750 grms. This is a maximum figure. Consequently the 
total formation of creatine amounted approximately to 1-21 grms. con- 
taining 536 grm. of guanidine nucleus, that is to say 14-5 p.c. of the 
guanidine nucleus contained in the arginine injected. 

Control experiments were performed to ascertain the effects of 
urethane and of the solvent used, namely saline solution upon the 
excretion of creatinine-creatine in the urine, and also upon the creatine 


- content of the muscles. The results of five of these are given below. 


_ injection of saline solution into the jugular vein. 


TABLE 12. Control experiments: creatine content of rabbit’s muscle after 
urethane and saline. 


It will be seen from the above that neither the snmsthetio nor the 


. solvent had any effect on muscle creatine. 


- Urine was also collected in all the muscle experiments for four or 


Taste 13, Hourly excretion of creatinine (total and preformed), expressed in mgms., 
in the urine of the rabbits included in Table 11. 


4-34 (3-68) 4-14 (3-02) 6-08 (3-66) 

2 3-34 (9-22) 1-71 (1:75) 6-08 (3-46) 365 
3-27 (3-10) 261 (2-56) 729 (411) 3-04 
4 2-04 (2-00) 1-63 (1-60) 2-04 (1-40) sie 
5 5-02 (3-89) 3-85 (3-14) 8:28 (4-84) 105 
6 2-88 (2-27) 1-22 (1-21) 7-60 (2:77) 0-51 

(3-68) 4-41 (4-41) 8-00 (3-70) 
8 827 (2-87) 1-96 (1-68) 3-52 (2-19) 2-20 
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more periods of at least three hours each, (a) before giving urethane, 


(b) after urethane, (c) and (d) after arginine. The results upon the 
excretion of total and preformed creatine are sessed in Table 13, expressed 
in mgms. per hour. 

Tt will be seen that in all the above there was a marked increase 
in the hourly excretion of total creatinine, usually in the first period 
after the injection of arginine, as compared with the output in the 
previous periods. The highest output is shown in Exp. 5, namely 
8-28 mgms. per hour, after an injection of 2:80 grms., the lowest in 
Exp. 4, namely 2-04 grms., after an injection of 1-50grms. The greatest 
increase over the excretion of the preceding period (namely 6-38 mgms. 


increase), and also over the excretion in the normal or previous urine — 
(namely 4-72 mgms. increase) occurred in Exp. 6 after an injection of — 


2-20 grms., the next greatest in Exp. 7 (namely 3-59 mgms. increase) 
after an injection of 3-14 grms. Thus the output of total creatinine 


in the urine was approximately proportional to the amount of arginine — 
injected. It will be recalled that Exps. 5 and 7 showed the greatest 


increase of muscle creatine and Exp. 4 the smallest. 


The average excess of total creatinine in the urine for the nine — 


experiments during the first period after arginine injection amounted 


to 3-27 mgms. per .hour over the preceding period or 10-81 mgms. 
for the three hours. This represents an excretion of 1+0 p.c. of the 


guanidine nucleus as total creatinine, the avernge quantity of — 


given being 2:13 grms. 
The urine was also collected and analysed in the control rabbits in 


the same way as in those in which arginine was injected. The results 
of two of these, Nos. 1 and 2, are given opposite the same numbers in 
Table 5, Group C, of this paper (p. 124): ‘The results of three ae, 
Exps. 3, 4 and 5, are given below in Table 14. 


creatinine in brackets. 


Previousurine —=_After urethane (ist period) (and period) 
3 6-67 (583) 252(239) 285(231) 3-44 
4 3-94 (3:10) 3-36 (2°87) 3-90 (3-29) 3-27 
5 3-32 (2-94) 0-91 (030) $37 (911) 3-25 


Only in one case (Exp. 5) did the excretion after saline exceed that — 
in normal urine and then only to a negligible amount as compared with 


the great increase in the arginine experiments. None of the effects i in 
these latter can therefore be attributed to the solvent used. 
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It seems clear therefore, from the experiments on rabbits, 
that when arginine is injected into the circulation a portion 
of its guanidine nucleus is converted into creatine, part of 
which is stored for a time at least in the muscles and part at 
once excreted in the urine. The proportion stored varied in the 
experiments from 8 to 25 p.c. (14-5) of the guanidine nucleus: the 
proportion excreted in the first three hours after the injection was on 


the average 1-0 p.c., the 
negligible amount of +1 p.c.. 


Le Partition of nitrogen in the urine secreted after giving arginine 


with the food and by subcutaneous injection. 

In certain of the experiments on dogs the urine, after administering 
arginine, was analysed for urea, ammonia, and amino-acids in addition 
to determining the output of total nitrogen and of creatinine. 

The results are given in the following two tables, the experiments 
in which arginine was given with the food in Table 15, those in which it 
was parenterally injected in Table 16. The partition of nitrogen was 
‘also determined in the utine of two of the birds by Dr F. W. Lamb, 
chief assistant in my laboratory. The results of these will form ess 
subject of a separate communication. 


was given with food, in excess of the excretion during previous normal periods. 


“days nitrogen ‘ultrogen ‘nitrogen given 
la 2 810 ‘170 00 0122 1-0 grm. 
098. 078 nil 0169 10 ,, 
2 “154 040 -0341 15 
1-716 688 278 024 +1510 2-00 200 
438 024 O41 0268 
Percentage partition of nitrogen in above. 

le 81-0 48-4 170 1-22 

16 22-0 9:8 7:8 1-69 

2 14-6 10-24 27 ‘207 

7 85:8 34-4 13-9 1-2 7-50 

14 685 41-3 7:78 2-48 

Average 565 S667. 387 2-33 3-47 


On examining Table 15 it will be seen that during the period of 


feeding there was an excess excretion of total nitrogen representing from _ 
22 p.c. to 85-8 p.c. of the arginine nitrogen given, leaving a residue re- 
— which varied from 78 p.c. to 14-2 p.c. One of the experiments, 
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namely 1 b, where the excretion was lowest, was a “ wun siclaliat, 
and properly speaking should not be included since as already stated | 
the results in such cases differ from those of the primary experiments. 7: 
No account is taken here of the excretion in subsequent periods nor ‘ 
was it as a rule possible, since in many of the experiments an injection 
period immediately followed the feeding period. It was however 
noticed both in some of the experiments dealt with in this paper, and in 
those formerly published, that when any large fraction of the arginine 
nitrogen was “retained” during the feeding or injection periods, the 
excretion of total nitrogen remained above the normal for two or 
sometimes three days afterwards. | 
Omitting Exp. 15, and taking the average of the remainder, the 
‘ percentage partition of nitrogen comes out as follows: total nitrogen 
4 56-5 p.c. of the arginine nitrogen given ; urea nitrogen 34-7 p.c.; ammonia — 
nitrogen 13-7 p.c.; amino-acid nitrogen 2-3 p.c.; total creatinine nitrogen — 
_ $47 p.c. It should be mentioned that the average for total creatinine 
is raised by the inclusion of Exp. 7 in which the dog was fed on raw 
meat. If this be omitted the average excretion on a creatine free diet 
of arginine nitrogen as total creatinine would be in round numbers 2 p.c. 
after the substance is added to the food. The results with racemic 
arginine do not differ from those with dextro-arginine. 
Table 16 gives the corresponding results when arginine was sia to 4 
dogs by hypodermic injection. | 


_ arginine was given by hypodermic injection, in excess of the excretion during | 
Rxp. Total Urea Ammonia Amino-acid ew nitrogen 
-490 054 nil ‘0547 gm. 
+155 063 023 0191 05 ,, 
3 3 2-071 1-839 028 _ 06511 15 ,, 
4 2 +706 _ 0194 10 ,, 
4 1-892 1076  excretiondiminished ## 20 ,, 
2 1-06 ,, 
Percentage partition of nitrogen in above. y 
1 49-0 26-4 5-47 
2 31-0 12-6 45 4-3 3-80 
3 138-0 122-5 1-87 — 3-40 
4 1-94 | 
q 94-6 diminished 4-58 
14 94-15 48-87 226 610 5-52 
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' In the above table attention should be called to Exp. 3 where more 
aie was excreted during the injection period than was actually 
contained in the arginine given. Such a result was observed in the 
experiments previously published. It can hardly be attributed to 
septic infection as a result of the injection, since every care was taken | 
to sterilise the solutions and the syringe used, and apparently is to be 
ascribed to a stimulating effect of the ssacrteas on nitrogenous meta- 
bolism. 

Omitting this experiment, it will be seen that of the arginine nitrogen 


_ given, there was excreted as total nitrogen during the period of injection, 


@ proportion varying from 31 p.c. to 94-6 p.c. Of this, from 12-6 p.c. 
to 53°8 p.c. was in the form of urea, from 2-26 p.c. to 5-4 p.c. as 
ammonia nitrogen, from 4-3 p.c. to 5-1 p.c. as amino-acid nitrogen, and 
from 1:9 p.c. to 5:2 p.c. as total creatinine nitrogen. The averages 
in round figures (again omitting Exp. 3) were, total nitrogen 67:9 p.c., 
urea nitrogen 35-4 p.c., ammonia nitrogen 4-0 p.c., amino-acid nitrogen 
4-7 p.c., and total creatinine nitrogen 4-1 p.c. | 

The amount retained varied therefore from 69 p.c. to 5-4 p.c., and bases 
the remarks made in respect to “retention” in the feeding experiments 
apply to those of the injection experiments, namely that where a large 
fraction of the arginine nitrogen was retained during the period of 
injection, the excretion of _—— remained above the normal for two 
or three days. 

Attention should also be called to the fact that in the injection 
experiments the excretion of hitrogen as ammonia was less than in 


_ those in which arginine was given with the food. 


The excretion of total creatine following an injection of racemic 
arginine was higher than in any of the other — but not 
so marked as that in Exp. 1. 

For help from time to time in many of the atiiettites and more 
particularly in the critical procedure of preparing racemic arginine 
I have to thank my former assistants Mr H. R. 8. Clotworthy and 
Mr (now Professor) William Caldwell. Miss Maud Gazdar and Mr W. 


Fearon also helped in the summer of 1914 and 1915 respectively. 


SUMMARY AND ConoLUsIONs, 


Arginine carbonate given with food to dogs and birds: (ducks) 
caused an increase in the output of total creatinine in the urine. In 
dogs on a non-meat diet the average daily increase produced by 2 grms. 
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of the carbonate amounted to 28-6 mgmis. of total itl seabiiten 
an increase of 10 p.c. on the daily output. That is tosay approximately 
2-5 p.c. of the methylated guanidine nucleus of the arginine was excreted. 
In those on a meat diet the increase after 3 grms. of arginine carbonate 
- amounted to 154-5 mgms. of total creatinine, equivalent to 18 p.c. of the 
normal output and to an excretion of 14-6 p.c. of the guanidine nucleus 
in methylated form. Less reliance however is to be placed on these 
latter figures owing to the difficulty of securing a constant composition 
of meat in respect to creatine content, notwithstanding precautions 


taken. One of the dogs was fed on raw meat obtained fresh every — 


day, the other on boiled horse flesh of which a sufficient quantity was 
obtained to cover the period of the experiment and kept in a refrigerator. 


In birds the average increase amounted to 11 mgms. per day, . 


representing 22-6 p.c. increase over the normal period and an eenretion 
of 1-1 p.c. of the guanidine nucleus methylated. 
2. Similar experiments on dogs, birds and rabbits in which arginine 


carbonate was given hypodermically or by intravenous injection | 


(rabbits) gave the following results. In dogs on non-meat diet an 
average daily increase of 40-7 mgms. of total creatinine after an injection 
of 2 grms. per day representing 22:5 p.c. over the normal and an escape 
of 4:5 p.c. of the guanidine nucleus in methylated condition. In one 


dog on a meat diet there was an increase of 62 mgms. of total 


creatinine, following an injection of 2 grms., equivalent to an increase 
of 7-5 p.c. over the previous excretion and to an _— in the urine 
of 4-58 p.c. of the guanidine nucleus. — 


In birds the average daily increase after injections varying ee . 
‘T to 1 grm., was 9-13 mgms., equal to 5-24 p.c. ee 


an escape by the urine of 2-5 p.c. of the guanidine nucleus, 

In rabbits the average increase per hour of total creatinine in 
the urine, over the preceding or urethane period amounted to 8:7 mgms. 
_ (140 p.c.) and over the normal period before urethane to 2:75 mgms. 
(80 P.c.) per hour following an average injection of 2:17 grms. of 
arginine carbonate. The former represents an excretion of 2-34 p.c. 
of the. guanidine nucleus. In these experiments the increase was 


_ approximately proportional to the quantity of arginine injected. — 


trols showed no appreciable effect. | 

3. On the excretion of preformed creatinine the addition of arginine 
to the food in dogs and birds produced no effect. The same .or a 
negligible result: followed the injection of arginine in birds and rabbits. 


_ In dogs after injection, there was an average increase of 19 mgms. 
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per day or 9 p.c. of normal, the total being equivalent to an excretion 
of 2 p.c. of the guanidine nucleus as creatinine. That is to say of the 
increase of total creatinine (equivalent to 4-58 p.c. of the guanidine 
nucleus of the arginine) a little over 40 p.c. was in the form of pre- 
formed creatinine and a little under 60 p.c. as creatine. 

4, Repeat observations, in which arginine was given in two or more 
. periods with intervals between, showed, when the substance was added 
.to the food a decline in the effect or an actual reversal, namely a de- 
creased output, both in dogs and birds. When given parenterally in two 
observations on dogs, one showed an increase the other a fall.. In birds 
repetition did not alter the effect. 

5, Racemised arginine prepared according to Riesser’s method 
was given with food and by subcutaneous injection to two dogs, also — 
to three rabbits by intravenous injection. In the two feeding experi- 
ments combined, there was an excess excretion of 236-4 mgms. of total 
creatinine, the whole quantity of arginine used being 8 grms. That is 
to say 6 p.c. of the guanidine nucleus of the arginine was excreted in 
methylated condition. In the same. dogs a total injection of 5 grms. 
of racemic. arginine ‘caused an excess excretion of 416-9 mgms. of total 
creatinine equivalent to 17-3 p.c. of guanidine nucleus. One of these 
dogs was exceptional, the increase in this case alone being 298-7 mgms. 
after a-single injection of 2 grms. representing an excretion in methy- 
lated condition of over 31 p.c. of the guanidine nucleus. “In the other 
. the inereased .excretion for two days (2 grms. having been injected — 

each day) amounted to 118 mgms., namely 6:1. p.c..of the guanidine _ 
nucleus methylated. No account is taken in this summary of the 
excess excretion during the after period’. The total increased excretion 
of creatinine in two of the rabbits for the first arginine periods of 
3 hours each amounted to 105 mgms., the quantity injected having 
been 3-0 grms. of racemic arginine in the two animals. There was 
consequently in thé time stated only an excretion of 0-73 p.c, of 
methylated guanidine nucleus. In the third rabbit. experiment, where 
the procedures were different (see p. 128), there was a smaller excretion 
of methylated guanidine nucleus, namely 3-72 mgms. in 4 hours after 
an injection of 2 grms. or ‘38 p.c. 

the same animals (dogs and birds) as were used for arginine and the — 
proportion excreted ‘estimated, by way of forming a standard with 


text, p. 129. 
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which to compare the excretion of the guanidine nucleus of arginine. 
The results show that the behaviour in metabolism of the guanidine — 


of arginine shows considerable similarity to that of its anes 
derivative creatine, though differing in degree: 

7. Experiments to ascertain the effects of intravenous injection of 
arginine on the creatine of rabbit’s muscle showed that in all cases it 
produced an increase which corresponded on the average to a storage of 


14°5 p.c. of the guanidine injected with variations from 8 to 25 p.c. 


The urine collected in the same experiments showed an excretion of 
‘1 p.c. of the guanidine nucleus as —— creatinine 1 in the first period 
of 3 hours after the injection. 

8.. Observations on the excretion of arginine as total nitrogen, urea, 


pena amino-acids and total creatinine, show that the partition of 


ite nitrogen i in the urine of dogs is on the average as follows: 


(a) Arginine carbonate given with food. ; 
‘Total N Ures N 
(b) Arginine carbonate subcutaneously injected. 


a) W. H. Thompson. Metaboliam of Arginine. Joum, of Physiol. 9. p. 137. 


1905. Thid. 33, p. 106, 1905-6. For preliminary references to parts of the 
present paper see British Med. Journ. 1, p. 251. 1915. Tbid. 1, p. 56. 1916. 


also Trans. of the 17th Intern]. Congress of Med. London, 1914, Sect. II. 


+ Physiol. pt. 1. p. 27. 
(la) Fr. Kutscher. Z. f£ physiol. Chem. 82, p. 413, 1901. J. Seemann. 
Thid, 44, p. 229. 1905. 


(2) C. Neuberg. Hd. Lex. d. Biochem. 4, pt 1, p. 535. 1910. H. D. Dakin. 


Oxidations and Reductions in the Animal Body, p. 62. en 
(3) M,Jaffé. Z. £. physiol. Chem. 48, p. 430. 1906. 
(4) G. Dorner. Ibid. 52, p. 225. 1907. 
(5) A. Palladin et L. Wallenburger. ©, R. d. la Soc. d. Biol. 78, p. lll. 19165. 
(6) W.Czernecki. Z. £. physiol, Chem. 44, p. 204. 1905. | | 
(7) E.Mellanby. Journ. of Physiol. 36, p. 447. 1907-8. cae 
©J.C,v. Hoogenhuyzenu. H. Verploegh: Z. f. physiol. Chem. 46, p. 415. 1905. 
_ (9) V.C. Myers and M. S. Fine. Journ. of Biol, Chem. 21, p. 389. 1015. 
(10) M. Jaffé. Loo. cit. 
(11) K.Inouye. Z. f. physiol. Chem. 81, p. 71. 1912. : 
(12) L. Baumann and J. Marker. Journ. of Biol. Chem. 22, p. 49. 1915. 
(13) F. H. McCrudden and C. 8. Sargent. Ibid. 24, p. 423. 1916. 
(14) C. Towles and C. Voegtlin. Ibid. 10, p. 479. 1911. 


(15) W.H. Thompson. Proc. Physiol. Soo. p. xxii. 1916. (Journ. Physiol. 50.) _ 


(16) A. Hunter and W. R. Campbell. Journ. of Biol. Chem. 28, p. 335. ome. 
(17) Otto Riesser. Z. f. physiol. Chem, 49, p. 210. — 
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| 8, - Protocols. 
Where the dates in the following records are rot consecttive either unessential details 


have been omitted or date concerning other observations on this subject have been 


withheld for future pu 
In each experiment the weights were taken daily ; the beginning and end weights only — 
are given in the protocols; the variations of weight in each section of the experiments are 
given in the tables in the text. Where not otherwise stated, the diet was creatine-free, 
The periods from which the averages have been calculated are separated by blank 
spaces across the page. The figutes given in the summaty tables in the text are the 
averages of the periods thus indicated. The periods which show thé cffects of the 
substances given (as stated below each experiment) are indi¢ated by asterisks or other- -- 
wise and correspond to those under the heading “‘ During” in each of the summary tables. 
In all cases the actual administration was begun and left off respectively one day earlier 


‘than the first. and last of the days marked for each substance in the protocols. The 


weight of “arginine” given means in all cases that of the carbonate. 


Group A. Hzp. 1. Dog. Feb. 1912. Arginine with food and injected. 
Weight at beginning 9-180; weight at end 9-320 kilos. : 


Preformed Total Total Urea 
creatinine creatinine nitrogen nitrogen 
mgms. grms. germs. 


Day 

39 207-8 238-6 1-652 1-286 
216-4 235-4 1-614 1-233 
4l 217-8 250-0 1-610 1-243 
42 248°4 1-508 1-154 
43* 222'5 230-0 
44* . 219-0 289°3 2-061 1-647 
45 


46 
47 241 268-2 1-817 1-408 
48 238-2 253-1 1-939 1-472 
49 238-2 241-0 1-764 1-343 

- 241-0 238-2 1-925 1-512 

164-7 175-9 1-529 1-197 
52* 256-3 284-4 2380 755 
53¢ «283 294-9 2-090 1-696 
54 226-2 239-5 1-813 1-423 

* Arginine 2 grms. with food. is 
+ Arginine 2 grmz. first day, 1 grm. second day, injected. 


Hon. & Dog. 1012. Atginiun with food atl tujectad. 
Weight st beginning 8-437; weight at end 8-259 kilos. : 


086 

090 

094 

085 

155 

196 
245-4 3096 1-645 1-164 ‘110 
149 

-162 

127 

115 

71 


5 2025 2016 1-705 059 020 

14-2 214-2 2-142 1-782 038 036 

49 238-2 238-2 2-065 1-708 059 047 
295 232-8 2-170 1-808 0534 
Si* 226 254-7 2124 1-728 1137 0342 
52* 243-9 259-5 2-310 1-888 “115 0507 
53 270-0 2-229 1-795 074 0542 
245-3 16 1-300 0651 0306 
55 219 219 (1676 1-304 0612 

* Arginine 2 grms. with food. + Arginine 2 grms. injected. — 
PH. Li. 10 : 
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144 W. H. THOMPSON. 
4 Dog. April 1912. Arginine injeoted. 
_ Weight at beginning 7-030; weight at end 7-146 kilos, ee 
Preformed Total Total Urea NH, wo 
creatinine creatinine nitrogen nitrogen _nitrogen 
Day mgm, germs. grms. 
8 1786 1708 81408) 86076 AG 
10 1746 
1786 2036 2677 2-317 066 
12* 1916 8228 2617 «2177 016 
185-2 2335 2481 2065 
6 
Dog. Oct. 1912, Arginine injected, 
Weight at beginning 8-675; weight at end 8-550 kilos. 
18 2424 2500 4087 
* Arginine 2 grms, injected. : 


fap. 1. Dog. Oct, and Nov. 1918, Meat diet, Arginine with food and 
injected: creatine with food. 

Weight et beginning 6-798; weight at end 5-070 kilos, == 


i] 


Date creatinine creatinine pon nitrogen 
Oct.. 6 241 953 7518 6732 0-212 0059 
953 7341 ©6935 «00-2707 
871 $382 7-401 0826 0-098 
» 10% 245 1038 8652 73038 0304 0081 
2365 8281 0358 0-127 
» 2595 1038 8379 7211 0272 0065 
» 18% 256 1062 8445 7303 0-272 04056 
» 65 1018 8067 

* Arginine with food,2 grms, 
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ARGININE METABOLISM. 


* Arginine with food, 2 grms. 
t Arginine injected, 2 grms. 


Jan—Mar. 1914, “Meat Diet. Saline inetd 


Hap. (cont), 
228 844 9222 7-743 
227 1012 9117 17-4618 
233 10348795 
1060 8680 7-324 
2045 86779 7005 6-683. 
2145 880 7904 7-082 
884 7980 6-954 
213 960 8-431 7-616 
222 871. 9098 8604 
218 9212 84000 
224 1000 9408 8-162 
228 938 $340 87-811 
235-5 9086. 7-726 
2025 806 8407 7-454 
2015 8988 7-651 
1985 826 8379 7-282 
2025 895 7-979 
207 871 9327 = 7-665 
206-5 953 10-223. & 349 
224 890 810077 8502 
220 880 $830 7-536 
203 953 8960 7-661 
Lines across the page indicate new supplies of meat. 


Creatine (00 mgma) with fod each day. 


_ Weight at beginning 13-240; 19-608 


460 759 18-42 —_ — 

» 28 £419 810 15-98 
» 20° 422 706-5 16-41 
» 320 427°5 656 15°57 — 

548 816 16-42 

609-5 874-5 20°77 

574 863 21-82 


Lines the page indicate new supplies of moat 


. 
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+ 
0-288 «(0-064 
0: 
0-184 
‘ 
070 
0-311 0-130 
0-270 0-002 
vad 
+ 
0-252 0-063 q 
0-239 0-067 
0-290 0-104 
0-260 0-075 
29 3 
0-274 0080 
288 9 
0-275 0-082 
0-312 0-086 
0-290 0-104 
0-263 0-113 
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2 


14 
15} 


18 
19 


16¢ 


491 
465-5 


787-5 


1095 


N.B. Lines across the page indicate new supplies of meat. 


Exp. 9 Dog. May 1914. Meat diet. Glycocyamine 
Weight at beginning 11-835; weight at end 11-780 kilos. 


11* 


13° 


SE ERR Se 


422-0 
4175 


* Glycocyamine (2 grms.) with food. 


10. Dog. Oct. 1914. Meat diét. Creatine with f00d and injected. 
Weight at beginning 13-0623 weight st end 13-410 kilos. 


709-5 
703-0 
729-0 
7179-3 
759-0 
761-4 
770-2 
‘787-2 


832-5 
782-2 
843-7 

1050 

1148 
904 
783 


1034 


24-035 
22372 
24-300 


24-472 


22-456 
23-128 
20-300 
20-412 


26°20 
21-10 


28-08 


21-574 
20-711 
22-533 
21-524 
20317 
20-874 
18-577 
18-642 


Saline injected, 100.0 


with food. 


1-05 

"835 

1-003 
916 
883 
894 
841 


“B46 


24-99 with 00814 ga, 
4 


24-80 
25-28 


i 
” 
3 ” 
. 
13 783 21-47 19-61 
oe 
x 822 20-59 19-76 
ry) 
a 
3 732 25-23 22-78 
> 
832-5 24-22 21-46 
13800° 2283 20-71 
35 
L 
an 
993 23°15 21-25 
4 Arginine with food, 3 grms. 2 
with food, 2 grms. 
> 
a May 8 393-2 
424-5 ! 
426-5 | 
417-5 
448-0 
& 
‘ 
‘ 
3 
: “95 
“02 
4 711-7 25-84 
4 270 creatine injected, -5 grm. 
542-4 18-322 
? 
¥ 
Fy 
> 
£ 


Date 
“May 12 
» 14 


ARGININE METABOLISM. 


creatine with food and injected. 


S82 298 £86 


Total 


Urea 


grms. 
2-638 
2°704 
2-297 
2-467 


_ 2813 


147 
Bap. 12. May 1916, Recemio arginine caronato wih food and 


- Weight at beginning 9-667; weight on May 20, 9-807 kilos. 


Hep. 13, Dog. July and Aug. 1915. Racemic arginine with food and injected. 
‘Weight at beginning 8-152; weight at end 8-867 kilos. 


/ 
i) 
j 
6-14 
, 
15 670 R. 
16 701 
Ys 
” ” ” ” 
grms. 
29 
6-17 
Se: 21 6-21 creatine, -7 with food x 
22 6-34 
bed ” ” 
23 6 33 
6 
94 
‘ 
ry 
” 25 5: 98 
26 6-22 4 
t 
Date mgms. mgms, grms. grms. 4 
July 30 806 802 3-003 
77 ‘2 3-108 *145 
& 9 5 805 
Aug, 1 733 820 2-646 118 4 
5 2467 101 
710 2 
23 771 830-8 3-136 073 
840-8 3-202 134 
4 
5 
"6 852-6 3°318 2-067 *141 
757 865-4 3-293 2-603 137 
7 725 771 2-709 2-384 “115 a 
8 761 769 2-947 2-559 -143 
99 
9 55 2-653 2-279 +129 4 
675 7 
776 2-656 2-403 110 
| 736 4 
* Racemic arginine carb., 2 grms. with food. % 
r t Same, 1 grm: with food, 1 grm. injected. Same, 2 grms. inj 4 
2 


THOMPSON. 


Grovr B. Duck 1. Jane 1913. 
Weight beginning 1965; weight at end 1-230 kilos, 


Date 
June 


” 


and brought to the surface. 


7 
8 
9 


14 


38-7 
19-0 
120 
23°5 


0-823 


Arginine injected, -7 grm. 
NB. sata slower Dovel ws coed of rom th 


0-418 


0-466 


0-313 


0-461 


injected. No operation. 


| “Weight at beginning 2-080; weight at end 2-280 kilos. 


Total creati- Total nitrogenof Total nitrogen of 
Date nineinmgms. urine in grms. feeces in grms. 


t Arginine injected, -7 grm. 


} Creatine with food, -5 grm. 


0-821 


0-338 


§ Creatine injected, 0-098 grm. 


0-231 
, 0-255 


0-347 


0348 
0-322 


0-352 


0-230 
0-296 
0-298 
0-269 


0-218 


0-332 
0-181 


0-272 


10-3 0-249 - 
10* 26-4 | 
- 
= 
ow 
J 
é 
15 30-5 0-464 
17* 421 0-624 
” 
be 
18* 0-568 
37 
‘ 
a 19* 27-6 0-470 
” 
21 23-4 0-399 
” 
22 21-7 0-319 
‘ 
, . 23 20-4 0-189 
” t 
% 
» Ut 2240 0-365 
25 20-1 0-475 
99 tT 
a 26¢ 189 0-378 
a » 2 18 
2 0-213 . 
30 102-5 0-160 
t 
” 0-326 


ARGININE METABOLISM. 
Dueh 8. 1918. Arginine with food and injected. "No operation, 
a Weight at beginning 1-980; weight at end 2040 kilo, 
July 26 0-158 0-360 
0-270 
» 28% 0-301 6-398 
» 3873 0-297 0-404 
{ » Slt 478 0-219 0-234 


Aug. 1 48 0297 0-218 
oe. __ © Arginine with food, -7 grm. | + Arginine injected, gra, 


“Duck 4, Nov. and Deo. 1913. Arginine injected: saline injected. 
Weight at beginning 2-300; weight at end 2:20 kilos. Bo 


Nov. 18 20-50 “0930 Dee. 1 24-10 2-236 
» 19 16:88 » 168 
20 26-00 1-012 1-865 

22% 36-67 1337 » St 2700 1-885 

| » 245 2053 

Fis * Arginine injected, grm. Saline injected,50.c. 


Duck 6. JenMaz. ‘1914. Arginine with — Duck 6. Jan.—Mar. 1914. Arginine with 
food: saline injected: glycocyamine food and injected: saline injected: 
with food. — glycocyamine with food. . Meat powder 


ate from Jan. 156toJan.23. ~~ added to food Jan. 13—Jan. 22. 
> — at beginning 2-520; weight at end Weight at — 1-425; weight at end 
Jan. 15 45-68 1-053 Jan. 13-27-28 0-885 
» 16 65104 005 » 30-87 
» 10° 43:78 1052 » 17* 26:66 0-920 
| » 20° 47-88 2348 » 18* 33:22 1001 
» 21 -44-04 0-979 » 19% 26-80 _ 0-908 
80-23-96 0-941 with food, 1 go. fit dy, 
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Fy 


> 


BE Soe 
22228 
83! 3 


3 


a 


- O736 . 


8840 


8-79 


‘ 


| 
Feb. It 194 0-796 
: i 
és 
” 
= | 
16 «17-31 0-770 
4 16* 26:98 0-759 
46-88 
1 30-52 | 
21+ 
22 (10-74 0-874 
23 6-17 0-858 
x 24 5-88 0-645 
0-294 
99 0- 
4g 566 
4 9-59 0-500 
3 8 aS 13-01 0-621 
” 0-360 
» 1 10-64 0-600 
» Of 4861 0-569 | 
» Ot 42:26 0-546 » 16 8-16 0-336 
3 10-86 0-410 8|| 21-34 434 
4 » 4-93 0-482 » 48-36 0-831 
0-664 » 12:90 0-486 
» 4-25 0-443 » 6-30 0-560 
16 6-26 0-490 » 22 21-90 0-813 
3 3 » (&W 5-90 0-721 » 23 10-76 0-729 
» I8t 58-25 0-776 | 
| 
» I19t 68-88 0-796 Arginine with food, -7 grm. 
4 
1 § Saline injected, 6 c.c. 
4 with food, +6 grm. 
q n 22 9-73 0-605 
: t Saline injected. 
Glycocyamine with food, -5 grm. 


- ARGININE METABOLISM. 


Duck 7. March and April 1916. Arginine with food and injected: creatine with food 
and injected: eggs laid on dates marked E: artificial anus made on 24th April. 
Death 838 days later from rupture of lower bowel, artificial anus apperently too small : 


to allow egg to pass through. 


Weight at beginning 2060; weight on April 24th 1-760 kilos. 


Preformed 


a 


. © Arginine with food, 1 grm. 
t Creatine with food. 
| Arginine with food, 1 grm. ox 


5828899822 12 


22-50 
16-81 


20-87 


1 April 7th, 1-5 


Total §§ Total nitro- 


in 


in grms. 


28% 


a 
2 


BR 


"3165 


86 EEE 


f Arginine injected, 1 grm. 
grm. each on April 9th and 11th. 


7 
Vie 
5-41 4 
23-42 4 
6-10 16-00 
‘Ae, 
6-07 18-94 
4 
- 6°16 23°79 
Et 6-26 19-82 
A 
474 83-48 
574 45-63 
718 
26-7 3 
x 
12-75 
9-73 
18-48 4 
x 
E 16°25 
‘ 14-59 
| 30-72 
; 
25-56 
Ds 
32-88 
cag 
19-94 1 
19-80 
20-14 
17-27 
Et 35-00 : 
21-49 
22-39 
z 
<4 


W. H. THOMPSON. 


3 Date in mgms. in mgms. in grms. in grms. 
Apr. 21Et 473 22-47 7429 247 
5-20. 18-49 297 
Operation perf d followed by interval of 82 day partly oving i 
Dublin. 
June 4 3-544 17°63 
5 4-286 32-08 4s 


| + Arginine injected, 1 grm. me ; 
food and injected: creatine with food and injected: saline injected... —_ 
made April 14th. Observations before and after the operation. . 


Weight at beginning 1-570; weight, April nega 1-740 kilos. oes 


Mar. 5 5:26 18-75 274 
6-45 14-30 
361 18-00 120 
4-52 16-33 320 
» 16t 496 23-66 359 279 
4°74 23-87 934 +269 
B47 16-16 243 167 
» 19 6-30 28-54 261 270 
» 21. 23-64 210 
» 2 8:66 173 
» 13-68 “218 
4-63 16-34 247 270 
Apr. 1 430 12-79 227 
» BRT 17-05 -562 
3* 569 19-87 318 221 

with food, 1 grm. t Arginine injected, 1 grm. 


¥ 
: 
if 
ang 
‘ 
va 
A 
; 
3 
4 Ureatine food, I grm. Ureatine injectec 1 grm. 
‘ 


ARGININE METABOLISM. 158 


Preformed Total 


268. 
-199 
184 
340 
27 


il 4°73 1431 4 


“247 
» 13]. 3-58 11-83 345 


performed on April 14th; weight, May 26th, 1-250 k. 


May 26 257 9-35 611 


30* 335 9-39 924 
» 61 9-07 840 
” 12** 2-38 


* Arginine with food, 1 grm. 
|| Saline, 10 c.0. 
** Recent arginine injected, 1 grm. 


8222 22 
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ON THE AMOUNT or BLOOD IN THE LUNGS. 
YAS KUNO. 


(From the Ph Laboratory, 
Japanese Medical School, Mukden.) 


THE quantity of blood in the lungs has already been investigated by 
various authors. Spehl(), for example, found in rabbits that the 
- amount of blood in the }ungs is on an average 7-1 % of the total quantity 
in the body. The results of Menicanti@ who made his researches on 
a dog, rabbits, cats, and frogs agree on the whale with those of Spehl, 
namely 7-9 %. 

The time needed for the blood flow through the lyngs has been 
measured by Stewart). His result was 3-4 sec. This figure has 
later been confirmed by Tigerstedt (4). 

Knowing the amount of blood in the lungs and the time spent on 
the flow through this organ we can easily caloulate the time needed for 
one whole circulation through the body because the total amount of 
blood must pass once through the lungs. 
using the above figures does not agree with that recorded by other — 
authors working with other methods of research. From the above 
figures, if we take 1/14 of the whole blood for the quantity in the lungs — 
and 4 seconds for the time of the blood flow through the lungs, then — 
the period of one whole circulation must be 56 sec. This figure is rather 
too high. Krogh ©) found that the blood flow through the lungs (the 
minute volume) in man varies between very wide limits (fram 2-8-21-6 
_ litres per minute) dependingon the conditions of the circulation. Accord-— 
ing to this result and assuming that the whole amount of blood in the 
body is 1/20 of the weight of the body, the time of one whole circulation 
must vary between about 8-6 and 60sec, Thus the above figure (56 sec.) 
corresponds to that of the slowest circulation, but not to those of the 
faster ones which are often met with in normal life. 

In all the researches which were carried out by the above mentioned 
authors for determining the amount of blood in the lungs, animals with — 
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BLOOD IN LUNGS. 155 


open thorax were used. It is beyond question that the circulation is 


abnormally slow under such conditions. In order to actelerate the 
circulation either the amount of blood in the lugs or the quickness of 
the flow through the lungs or both must be incteased. In a paper 
lately published on the pulmonary circulation(6) I recorded that the 
fall of pressure in the pulmonary circulation varies with the volume of 
the venous inflow, 4.e., it becomes smaller as the venous inflow increases, 
These results would seem to suggest that the pulmonary vessels were 
dilated when the circulation increased. ‘I have therefore carried out 
some experiments to determine the amount of blood in - lungs under 
different conditions of the circulation. a 

Method. All experiments were carried out on the heart-lung pre- 
paration (dogs). Changes in the circulation were brought about by 
increasing or diminishing the blood flow into the heart. In order to 
determine the condition of the circulation, the output of the left ventricle © 
was measured, and also the pressures in the aorta and in the vena cava — 

recorded. Thé fib-cartilages were cut away on both sides. Both 
lungs were simultaneously ligatured by means of a strong thread 
which was previously passed round the hilus. The artificial respiration 
was stopped just before tying off the lungs so that the lungs were always 
tied in a condition of expiration. . 

I estimated the quantity of blood in the lungs, cut off in this way, 
by Welcket’s method. I minced up the lungs in small pieces, washed © 
with distilled water, then rubbed with glass powder in a mortar, and 
repeatedly extracted with water until the water was no longer coloured. 
This I carried out on both lungs separately. 1 ¢.c. blood was taken as 
& sample from the blood reservoir at the end of each experiment and 
diluted 200 times with distilled water. This solution served as the 
standard of comparison. The comparison of colour was made in two 
tést tubes of exactly the same diameter (17 mm.). Previously I practised 
this method with defibrinated blood and found that the error in com- 


patison of colour is certainly smaller than 6 %. 


i The amount of blood in the lungs. 


Table I gives the details of 5 of the 15 experiments which 9 were 
made. In all oasés the arterial pressure was kept at a height of 95- 
110 mm. Hg and the pulse rate was from 158-180 per minute. It is 
impossible to determine how much blood there is in the body of animals 
used for the heart-lung —— I therefore — it re 
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- to the weight of the animals. The amount of blood in io was deter- 
mined by various authors by Welcker’s method. Their results agree 
fairly well, namely 6-2-8-9 % of the body weight. According to the 
chemical method which is more indirect these figures may be somewhat 
too high. Since, however, the authors who recorded the amount of 
blood in the lungs used the results obtained by Welcker’s method to 
express the percentage to the total amount of blood in the body, and 
since I also used Welcker’s method in these experiments I will, for the 
present, assume the whole quantity of blood to be 7 % of the weight 
of the body and calculate the percentage of the amount - blood i in the 


— in relation to that in the saad 
I. 
t Amount of 
Ww wi Height of _ 
heart ute lungs of that 
(kilos) (grms.) (mmHg) (cms.) (mm. H,0) (c.c.) (c.¢.) inbody 
7 55 50 680 43-1 8-8 
S1 52 100 7 32 800 58-98 10-38 
4-6 3 110 12 67 1360 40-75 12-03 
425 30-5 95 13 95 1320 44-8 15-08 
% 35 345 1000 1044 


According to these results the amount of blood in the lungs i is, as 

I expected, much larger than the earlier authors recorded, é.¢., it varies 
from 88-19-44 % of the total amount of blood. The amount of blood 
in the lungs increases with the acceleration of the circulation, 1.¢., the 
amount of blood is about 2-2 times larger when the circulation is fast 
than when it is slow (calculated from the figures in Table I). If we 
divide the output of the left ventricle per minute by the amount of 
blood in the lungs, the quotient means the number of times the blood 
changes in the lungs per minute. In this way we can calculate the time 
of the blood flow in the lungs. This time is in Table I 3-8, 1-98, 1-82, 
2-18, and 2-2 sec. In other experiments these figures varied between 
1-9 and 4-1 sec. These figures are proportional neither to the output 
of the ventricle nor to the amount of blood in the lungs. Although 
IT was very careful not to touch the lungs and kept them always moist 
with Ringer’s solution during the operation, it was difficult to keep the 
lungs in the heart-lung preparation absolutely under normal conditions. 
Thus my results are in this respect not free from fallacy. But still — 
I think I may justly maintain that the amount of blood in the lungs may 
be more than twice as great when the circulation is fast than when it is 
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slow. And the time needed for the blood flow in the hnign 4 is also more” 
| than twice as great when the circulation is slow than when itis fast. 
- These results well agree with the necessities of life since the amount of 
: j blood which comes in contact with the alveolar air may be directly 
proportional to the sapiciiy of the blood flow, or even increase in a 
higher ratio. 7 
When the blood used for the heart-lung preparation is sotnewhat 
: old, the lungs get into an cedematous condition. Although I am not 
Ws sure whether this condition is really analogous to the edema which 
~ occurs in pathological cases, I have investigated the amount of blood in 
the lungs of two dogs under such conditions. The circulation of patients — 
with eedema of the lungs must be very slow. In order to imitate this - 
condition I kept the venous supply to the heart very small in these 


. experiments. ‘ies following protocol shows the results’ of one experi- 
ment: 


hae - Dog. Weight 2-8 kilos, weight of heart 19 grms. Height of venous reservoir 6 om. 
Be _ Arterial pressure 94 mm. Hg, venous pressure 20 mm. water, pulse rate 163 per minute, 
output of the left ventricle 124 c.c. per minute. The lungs swelled considerably. Weight — 
of both lungs 130-5 grms. (the right lung 71, the left one 59-5 grms.). The amount of blood 
in both lungs 51-3 o.0. (right 29, left 22-3). The assumed amount of blood in the body . 


( ae In the other experiment this percentage was 23-4 % . From these 
oe results it is evident that the lungs may contain about one-quarter of 
the whole blood. under a condition although the circulation 
1s very slow. 


rf 2. The difference in the weight of both lungs. 

'. The difference in size between the right and the left lung in dogs is 
very remarkable. The weight of the left lung varied in my experiments 
between 1: 1-2 and 1: 2-03 (average 1: 1-52) as compared with the 

tight one. I measured the amount of blood separately in both lungs. 

yr _._ Table IT shows the weight and the amount of blood of the right lung and 
| of the left one. As this table shows, the’ relationship between the 
weights of the lungs and that between the quantity of blood contained 

_in them is almost the-same. This proves on the one hand that the — 
' blood is distributed uniformly in the lungs; and on the other hand that 
the method used for the determination of the amount of blood involves 

[ no considerable error. 
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168 ‘YAS KUNO., 
| 
| lung= W. Amount of blood lung= Amount 
(ee) (oe) by 
7 59 1-20 29-0 22-3 1-30 
% 1-27 21-75 21-36 1-02 
04 67 1-40 34-65 24-33 143 * 
107-6 166 1-42 45°75 34-6 1-82 
78 53. 1-47 31-7 218 1-45 
60 40-5 1-48 46 16-1 1-53 
68-5 43 1-59 22-05 14-5 1-58 
40-5 1-65 25-03 16-85 1-59 
105° 61 1-72 45-75 23-66 1-93 
61 2-08 1905 BG 
| Average 1-52 Average 1-565 
SuMMARY. 


The aihount of blood in the lungs was méesured by Welcket’s 
method on the heart-lung preparation (dogs) under different conditions 


of the blood circulation brought about by increasing or diminishing the 


venous supply. 


The amount of blood in the lungs increases when the blood circulation , 


becomes more vigorous. Depending on these conditions, the amount of 
blood in the lungs varies from 8-8-19-44 % of the amount of blood in 
the body (assuming this to be 7 % of the weight of the body). If the 
lungs are oedematous they may — about one-quarter of the amount 
of blood in the body. | 

The ratio of the weight of the lett lung to that of the right lung 
varies in dogs from 1: 1-2 to 1: 2-03 (average 1 : 1-52). 


Spehi. De tn dus ‘Bruxelles, 1888. 
(2) Menicanti. Ztschr. Biol. 30, 1804. 

(3) Stewart. This Journal, 15, p.1. 1804. | 

(4) Tigerstedt. Skand, Arch. f. Physiol. 14,8.201. 1903. 

(5) Krogh. Skand. Arch. f, Physiol. 27, 8. 100. i912, 

(6) Kuno. 50, p. 140. 1915. 
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THE ACTION OF GUANIDINE ON THE NEURO-MYAL 
SYSTEM OF DECAPOD CRUSTACEA. By J. SMITH 
SHARPE. 


From the Department of Physiology, Glasgow University.) 
THAT guanidine in the vertebrate acts first as a stimulant and then as 


a depressant upon the motor cells of the spinal cord has been shown by 
Gergens and Baumann(), Noél Paton, Findlay and Watsoni2). 


That it also acts upon the neuro-myal junction in the skeletal muscles | 


was demonstrated in the frog by Fiihner@) and in the mammal by 
Noél Paton, Findlay and Watson@). In the mammal tremors and 
jerkings of the muscles are caused by the action upon the spinal cells 
and they disappear in any limb when the nerves are cut (Noél Paton, 
Findlay and Watson®@)). In the frog the action on the peripheral 
structures preponderates over that on the central nervous system and — 
causes tremors and jerkings (Gergens and Baumann), Fiihner@), 
Camis@, Meighan})). 

The structure ofthe muscles is very similar to that of 
vertebrates and the character of the nerve ending is essentially the same. 
Chemically the two types of muscle differ in that methyl-guanidine 
acetic acid—creatine—is absent from crustacean muscle. Kutscher(@) 
has described the presence of free arginine, and Burns in one observation 
not yet published found free guanidine and methyl-guanidine. Pekel- 
haring associates. the tone of muscle with the presence of creatine, 
and some recent (unpublished) observations by. Cathcart and Noél 
Paton show that in muscle degenerated after nerve section there is — 
a marked fall in the amount of creatine present. Another difference 
between the neuro-myon in crustacea and in vertebrate i is that curare 
does not seem to act in the former. : 

The relationship of svetino, the fae 
secondary curare-like action in the mammal, suggested that a study of its 
action on crustacea might be of interest. The experiments were made 
at the Scottish Marine Biological Station at Millport and in the Physio- 
logical Laboratory of the University of Glasgow. Guanidine hydro- 


2 chloride was. generally used.and it was prepared in the Physiological 
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160 J. 8, SHARPE. 
Laboratory (Sharper). In some observations the carbonate was 
used. 


The tracings were obtained by securely tying the crab in the supine 
position-on a special board. In most cases the papilla left after autotomy 


of the limb was found to be the most suitable source from which the | : 


subsequent records were taken, but in one case the record of a walking- 

leg claw is given, The papilla or limb was attached by a thread to the 
lever. The following species of crustacea were used: Hyas araneus, 
Portunus puber and Cancer pagurus, and the results obtained were the 
‘with each species. 


i 1, The action of guanidine injected into'the tiseues of the living 
animal. 


brdvomaia per kilo, of body weight which was. generally made 


Fig. 1. Tracing of papilla of Cancer paguras under the influence 
of guanidine. Time in secs, 


was followed in about five minutes by jerkings of the limbs which 
_ became more violent and then died away. With weaker doses they 
persisted longer than with stronger doses. They were either — 
and rhythmical or irregular in strength and rate. 

With doses of over 0-3 grm. per kilo. all movement of the animal’s 
mus¢les stopped, even those of the respiratory scaphognathites and the 
animal appeared to be dead. _ 

The results of one or two individual experiments may be aaiek: 

(a) Edible Crab (Cancer pagurus), wt. = 170 grms, Amount of 

_ guanidine given per kilo. = 0-15 grm.. In about five minutes the pincer 
minutes more, 
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violent twitchings of all the legs took place. A brown fluid was exuded 
5 =) Lobster (Homarus vulgaris), wt. = 254-7 grms. Amount of 
guanidine given per kilo. = 0-20 grm. Twitchings observed-in about 
re: five minutes of both pincer and walking legs. The action was most 
_ marked about the tenth minute. This amount does not kill the lobster, 

but the lethal dose was not tried. 

tS (c) Spider Crab (Hyas araneus). To produce the most marked 
> ‘symptoms a dose similar to that of the edible crab had to be given, — 

- namely 0-15 grm. pet kilo. This species gave very regular tracings 
from the papilla after autotomy of the limb. The time for the twitchings 
is about the same as in the edible but they persist very much longer 
a if the crab be placed in sea water. 


Fig. 2. Of of ovencue, under the of guanidine. Ist line, 
Wyo _ during the period of maximum action. 2nd line, towards the end of the action. — 
— ° Mes Tracing of walking leg claw of Hyas araneus after guanidine. Time in secs. 

(@) Swimmer Crab (Portunus puber) and the Common Shore Crab — 
(Carcinus mamas) were also used and the results were the same as in 
the species already referred to. 


Section of the nerve to the limb. The following experiment 
| Oe lobster in which section of the nerve to the large chela was made, 


shows that such section completely abolishes the jerkings and proves 
that the action of the guanidine in producing these movements is in the 
_ Grustacean as in the mammal on the central nervous system. 

ey ee Exp. A lobster was securely tied down to small dissecting board. The nerves to 
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162 | J. 8. SHARPE, 

three to five minutes twitchings of the walking legs took place and soon became more 
violent, but the chelae remained motionless. 

(iii) Injection with curare. The administration of large doses of 
curare 0-15 grm. per kilo. left the jerkings and tremors produced by 
guanidine entirely unchanged. One crab unpoisoned with guanidine 
which received no less than (+25 grm. per kilo. continued to live for 


many days. 


under the influence of guanidine. 1st line, 
the commencement of the jerkings. ee 
ee Time in secs. 


Fig. 5. the the last, & difiicens individual. 
Ist line, at the commencement of the jerkings. 
mum action. Time in secs. 


(iv) Testing of curare-like action. To aecertein:if guanidine exer- 
cises a curare-like effect on the neural endings in the muscle of crustacea 
a dose sufficient to abolish twitchings was given and the nerve to one 
limb. isolated and stimulated. For convenience in performing this 
experiment the large Lithodes maia, or stone crab was used. It was 
found that the strength, of current required to produce a movement of 
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GUANIDINE IN CRUSTACEA. 163 
From it seems that guanidine has no definite 


_ on these animals. 


- The muscles of one segment of a limb were pulled out and immediately 
placed in watch glasses containing solutions of guanidine in sea water 
varying in strength from about 0-05 to 0-3 p.c. and these were examined 


of solution. 


guanidine salts produced jerkings tremors of 
the muscles similar to those produced in vertebrates. 

2. This is due to’an action on the central nervous system as in 
mammals and not to an action on the peripheral neuro-myon as in the 


frog. On these periphera] structures cere appears to be without 
action. 


Tam indebted to Professor D. Noél Paton 
ever ready advice he has given me in this investigation and for help 
in the preparation of this paper. My thanks are also due to Mr John 
Peden of the Marine Station, who me 
me work there. 
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ON THE CAPACITY OF BLOOD AND HAMOGLOBIN 
TO UNITE WITH CARBON DIOXIDE. By GEORGE 
A. BUCKMASTER. 


(From the Institute of Physiology, University College, London.) - 


Among the early workers on the blood-gases Setschenov was the first 
to explicitly state that the proteins of the blood,—paraglobulin, serum 
albumin and hemoglobin,—were capable of forming some kind of com- 
_ bination with carbon dioxide. As far as the corpuscles of the blood are 
concerned, Setschenov considered that some carbon dioxide directly 
united with hemoglobin and some with the bases which are present, 
but he stated that the greater part is fixed to the hemoglobin and not 
to the alkali. This theory has received but little attention and certainly 
little support from other physiologists. It is not even mentioned in 
Gamgee’s Physiological Chemistry of the Animal Body. According to 
Preyer, a 0-8, solution of hemoglobin crystals absorbed less carbon 
dioxide when saturated with this gas than an equal volume of water. 
N. Zuntz, though he confirmed the experiments that pure watery solu- 
tions of hemoglobin take up considerably more carbon dioxide than 
could be accounted for by the water, said that it was unnecessary to 
examine the theory of Setschenov critically, since there were facts 
which showed that hemoglobin could, on the most liberal estimate, 
unite with only a small fraction of the carbon dioxide which the blood 
corpuscles take up at a high partial pressure. The work of Zuntz and 
those who have collaborated with him has led to the belief that hemo- 
globin is a comparatively unimportant constituent of the blood, so far 
as it confers on that liquid a capacity for fixing carbon dioxide. Direct 
experimental evidence of a probable relationship between hemoglobin 
and carbon dioxide has been given by the absorptio-metric measure- 
ments carried out by Bohr() and Severin Joling) 
Loewy has summarised the present position as to the partition of 
carbon dioxide in normal blood. In 100 c.c. of blood, the red corpuscles 
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 QARBON DIOXIDE AND BLOOD. 


with a content of 14 %/, of hesmachrome, are capable of uniting with 

e.c. of carbon dioxide provided Bohr’s evidence for a union 
hemoglobin with carbon dioxide is convincing. Colloidal indiffusible 
substances in the blood account for 11-8 c.c. of carbon dioxide, and the 
e bicarbonate system for 18-8 c.c. 
ie In this paper it is not my intention to criticise views which have 
been held as to the relations which may obtain between carbon dioxide 
|... and any constituents of the blood, but some of the considerations 
ae which originated the experiments about to be described may be men- 
tioned. It is well known that outside the body, blood can actually 
take up more than its own volume of carbon dioxide. For example, 
100 ¢.¢. of the sedimented corpuscles of the blood of the dog can take 
up 222¢.c. (Frédéricq), and of the horse 307-9 c.c. of this gas when 
saturated with carbon dioxide (Zuntz). The oxygen- expelling power 
, which carbon dioxide exerts on oxy-hemoglobin, which is shown on 
: ; the dissociation curves of blood and solutions of hemoglobin, both by 
Bohr and by Barcroft, has been held by the latter to be due to the 
acid properties of solutions of the gas. But this fact might be com- 
patible with the view that one gas may actually displace the other 
provided the mass of one was sufficiently great. 

The mean carbon dioxide content of the arterial blodd:of normal 
‘dogs was found by Pfliiger in 27 experiments to be 38- ‘1 c.c. per 100 c.c. 
of blood. ‘The arterial blood of normal cats in 17 experiments contained — 
38-43 c.c. per 100 (Gardner and Buckmaster(4)). The blood in 
asphyxia has been frequently analysed. The average figures of 25 
analyses give only 49-53 volumes per cent. But blood while circulating 
S Biel in the unasphyxiated animal before there is any dyspnoa at all, can 
ge: and often does hold more carbon dioxide’. The results of Yandell 
: Henderson and Scarborough@) show this. In 45 analyses of the 
: arterial blood of dogs under anmsthesia induced by ether and chloroform, 
where there was no exposure of the viscera and while the breathing was 
quite natural, amounts in excess of the published figures for the blood 
a Be in asphyxia were often found. A large series of blood-gas analyses by 
1% Gardner and myself have also shown that in the unasphyxiated 
4 __ animal the venous blood could hold large quantities of carbon dioxide— 
at times nearly double the quantity of that ssipamnl in arterial blood as 
is seen in the following table: 


Recent papers J. of Physiol. 39. 41. 1916) show that the 
+e venous blood of the torpid woodchuck may contain over 100 vols, p.c. of carbon dioxide. 
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0.0, of carbon dioxide at 0°°C. and 760 in 100 0.c. of blood. ee 
sagt Henderson and Buckmaster and’ 
Scarborough Gerdner 
63-1 50-9 51-24 
56-3 53-33 53-89 
50-4 52-73 71-55 
53-63 


the assumption of carbon dioxide which is not already saturated with the 
gas must exist in the circulating blood. Since at 37° C. sodium carbonate 
completely changes to bicarbonate at a carbon dioxide pressure of 
12-5 mm. of Hg, and three-fifths of the carbonate is bicarbonate at 
0-2 mm. pressure, the blood could only take up excess of this gas as 
_ bicarbonate on the assumption that there was either a considerable addi- 
tion of carbonate, or that the indiffusible colloids present were capable 


of doing this. But. since rapid fluctuations in the salt content of the 


blood do not, and indeed, could not take place normally, it is difficult 
to consider anything of a diffusible nature as conferring upon blood an 
augmented capacity for the absorption of carbon dioxide. The largest 
fluctuations in the proteins are seen in acute septic cases which are 


uniformly fatal. From 10-5%, the blood proteins may fall to 6-5°/, 


) (E. Grawitz); but this variation does not compare with what is known 
as to the wide variations in the quantity of the colouring matter. In 
, other words, just as the oxygen capacity of blood is known to be related 


to the quantity of hemoglobin, I proposed in the following experiments 


to ascertain how far the quantity of pigment could affect. the — 
of carbon dioxide. 

In all experiments, freshly defibrinated ox-blood was employed. 
Though not taken with strict aseptic precautions the blood was received 
into a sterile bottle and defibrinated with a bunch of sterile wires. 
Not later than an hour after defibrination, the blood was pipetted into 
sterile tubes and centrifugalised. The deposit of corpuscles was then 

) dialysed i in the cold store at 0°-1°C, To effect efficient dialysis, I used 
six to eight paper soufflé cases, each holding a deposit of about 0-5-1 cm. 
deep. These were floated in tall beakers holding about 200 ¢.c. of distilled 
_ water, which was renewed four or five times in 24 hours. The dialysis 


continued for 2-8 days until only the faintest trace of the precipitate — 


appeared in the dialysate five minutes after the addition of silver 
nitrate. The —— deposit became laked. It was ny 
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transparent, but to avoid any slight precipitate of cell globulin which _ 
might exist, a minute quantity of solid sodium chloride was added 
before the dialysed corpuscles were treated with carbon dioxide. 

Saturation with carbon dioxide. . The dialysed corpuscles as such, 
or after suitable dilution with water, were either saturated with carbon 
dioxide for a given time in a vessel such as that employed by 
Exner, or in a special absorbing wash-bottle in which the bubbles 
successively rise through a spiral channel about 84cm. long. The 
saturations were always carried out at a uniform temperature in a 
thermostat kept at 38°C. The carbon dioxide used was collected 
from a cylinder of the gas and stored in a gasometer. Analyses of this 
from time to time gave values between 92-9 and 94-2 °/, of carbon dioxide. 
The admixed gas was air. A small wash-bottle enabled the rate of flow 
to be judged, and before saturation, the sampling tubes and vessel for 
saturation were filled with boiled out water, which was then completely 
displaced by the gas. The dialysed blood was then introduced into 
the saturation vessel and saturated for a variable length of time. I have 
shown that when the saturation goes on for some four or five hours, 
an acid hematin is produced. The average time for saturation was 
1 to 1-5 hours, and though it is impossible to exclude the possibility 
that a minute amount of acid hematin was produced, it is improbable 
that this occurred since the hemoglobinometer readings were quite 
unaffected. 

When saturated at pressures below 93 9/, of an a ta of CO,, 
the saturation vessel varied in different experiments. Sometimes it 
was a closed bulb holding 179 c.c., or a wash-bottle of capacity 290 c.c. ; 
such vessels having been filled with water, this was. displaced by the 
gas mixture. About 50c.c. of dialysed corpuscles were then introduced, - 
and the carbon dioxide mixture from a 10-litre bottle run through for 
half an hour at room temperature. The mean carbon dioxide values — 
of two gas-sampling tubes on the inflow and outflow was taken, giving 
the carbon dioxide content of the saturation vessel. The blood and 
gas mixture was gently shaken at 38°C. by an arrangement connected 
with a small turbine: __ 

For determinations with known pressures of carbon dioxide I have, 
though not in the early experiments, used the following apparatus (see 
Fig. 1), since objections have been made to the results obtained by 
erotonometer methods on the ground that blood, as it streams into the 
apparatus, may so change as to give fallacious and inaccurate measure- 
ments of tension. Bulbs B, A and C have —, — of 
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36 c.c., 350.¢.c. and 50c.c. By lowering and raising the mercury reservoir, 
C is completely filled from D, and the contents clamped off. D is cut 
off by a clamp and the whole system I, B, A, Il filled with water. This 
is displaced with gas from the gas-holder and stream of gas flows 


through for some minutes. The mean of the analyses of the sampling 


tubes I and II. gives the carbon dioxide pressure in A. ‘The blood 
from C is passed into A. At X is a tail-tap out of which « little blood 
flows before it is caused to enter A and displace gas through B. The 
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taps in connection with A are now shut, the vessel is disconnected 
) and gently ‘shaken continuously in a thermometer at 38°C. by means 
| of @ small turbine. is finally replaced as in the figure; the blood 
is passed into B which contains carbon dioxide at original pressure, 
i: This bulb is now clamped off and connected to the pump for evacuation 
i. of gases, any tubes or junctions being filled with gas-free water. 
% _ Evacuation of the gas. This was carried out as described and figured 
{| __ in @ former paper (7). A modification of Leonard Hill’s pump was 
aie so arranged that the gases could be directly passed into the gas analysis 
apparatus devised by J. 8. Haldane. In some of the earlier experi- 
ments, the evolved gas was collected in an eudiometer tube which was 
transferred with an iron spoon to a well-shaped pneumatic trough full 
of mercury, and the absorption determinations made with a small 
ee amount of 40°/, potash. This method cannot be regarded as accurate. 
error is at least double the value, 1°/, given by Leonard Hill. 
The hemoglobin values were obtained with the Gowers-Haldane 
instrument, using the residual blood in bulb A which was not required 
for evacuation. The standard tube of carbonic oxide hemoglobin I 
made from ox-blood of known oxygen capacity and I have taken 13-8 °/, 
of hemoglobin as corresponding to 18-5 c.c. percentage oxygen capacity 
equal to 100 on the hemoglobinometer scale. The accuracy of the 
standard was verified from time to time by testing this against fresh — 
ox-blood the oxygen capacity of which was ascertained in the pump. — 


Action of carbon dioxide on. blood and solutions of haemoglobin. 
Preyer(s) and Ray Lankester(9) have shown that the prolonged 
‘| _ passage of a stream of carbon dioxide through solutions of hemoglobin 
q_ or blood causes a change in tint of the solutions and the appearance 
__. of an absorption band in the red, A 6304. It is easy to confirm this. 
The solutions are more acid. The hemoglobin is to a variable extent 
converted into acid hematin. Though this substance has been re- 
garded as methemoglobin, this is improbable. In no case will the 
| —_ spectrum of methsmoglobin which has been produced by the action 
; of iodine, glycerine, ferricyanide of potassium, hydroxylamine or 
3 ‘permanganate of potassium change when the solutions are rendered 
gas-free in the pump. But the carbon dioxide product when evacuated 
definitely changes. The band in the red disappears and the single — 


\ 1 Menzies has shown, that this band tends to shift towards \ 642 and \ 650 with in 
{ ; creasing degrees of acidity produced by organic and mineral acids. This Journal, 17 
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band of reduced hemoglobin appears. On re-oxygenation and re- 
saturation with carbon dioxide, absorption band A 630 reappears, to 
again disappear when evacuated by the pump. Since these changes 
can be repeated several times, it is possible that the effect of the gas 
does not affect the structure of the hemoglobin molecule to an appreci- 
able extent, The removal of acidity by physical means restores the 
pigment to its normal condition, provided that the original satura- 
tion with carbon dioxide has been carried out at a temperature of 
— 0°-4° C. and has not been too prolonged. For at temperatures of 20° C. 
to 38°C. the blood outside the body at once begins to epentanconsly 
undergo changes which are. permanent. 

The quantities of carbon dioxide absorbed by blood is seen from 
The analyses were made in an eudiometer. 


of tah ood or of with of 
carbon dioxide at 38°C. 


Dog's blood. 
A. Diluted with distilled water 4 783 2-0 112-12 
C. Laked deposit of corpuscles 1 153 1s 126-2 
D. Fresh defibrinated blood 3 7651 | 123 130-0 
5 761 143 152-0 
F.. Fresh defibrinated I 768 9-3 120-0 
15 742 10-7 125-0 
15 742 10-7 124-2 
| 1 753 11-4 131-16 
J. 2 753 12-67 138-1 
1 749 20-7 146-1 


. It is evident that blood can absorb quantities of carbon dioxide. 
It is not necessary to indicate the amount absorbed by water in indi- 
vidual experiments but a subtraction of 52-44 c.c. in each experiment 
would be correct for expt. E, and in excess for all the others where the 


100 c.c. of blood is reckoned as 100 of water. For example, in expts. E, 


D, H, J and K, apart from solution in water, blood would hold 99-56 c.c., 
87-56 c.c., 81-66 c.c. and 93-66 c.c. of carbon dioxide. Within limits, 
the amount of gas absorbed would appear to rise and fall with the 


quantities of hemoglobin present, and therefore the — of ” 
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Absorption of carbon diowide by haemoglobin n (hemachrome). 
: From Abderhalden’s figures(10) the composition of the corpuscles 
the ox would give in 


Proteins eee eee eee see eee ene 6-42 


Alkali available for the protein and carbon dioxide . 0-147 sh 


a In dialysed blood, Hb/P is raised, since no matter how thoroughly _ 
ee centrifugalisation has been carried out, some serum, the protein content _ 
_. of whieh in the ox is 7-25%/,, adheres to the corpuscles. 
If the protein values of the corpuscles given by Abderhalden are 
exatnined, the percentage is very high in the ox, exceeding that of eight 
other animals, where values as low as 0-9, 0-5, 1-2, 2-6 and 3-7 were 
3S obtained. Further, in the blood of the same animal, the protein figures — 
Pe for the sheep are 7-84 and 3:79, while in two dogs the protein content 
differs by nearly 100°/,. The method of determination of protein was 
an old one, proposed in 1876 by Hoppe-Seyler. It is doubtful 
whether the value is correct, since the corpuscles of the steer contain 
4-6 of protein, compared with 6-42 for the ox. 

The following six determinations of the dried residue of dialysed 
corpuscles give the total solids of the corpuscles, minus salts, which 
amount to 0-75°%/,. By deduction of the hemoglobin the value of the 
other colloids is obtained, since the cholesterin-lecithin content together 
is only -06°,. The differences between the hemoglobin content and 
. the total solids will indicate the protein content within -06°,. The 
Ee total solids vary, of course, with the quantity of water — the 


Total solids Hwmoglobin Protein 
| 13-61 9-66 3-05 
— 13-65 9-61 4-04 
11-12 41 6-02 
11-85. 6-56 5-29 

‘13-72 8-87 485 

| 1212 108 


The average protein content will therefore, be 4-87 In the subse- 
ee oui caleulations, so as not to unduly magnify the absorption power 
of hemoglobin, I have taken the average protein content of the 

corpuscles of the ox, plus the adherent serum, as 5-0°/, of the solids 
Of the corpuscles, which possess 31-67 %/, of The ratio of 
to protein will be 
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| The following table gives the results of 23 experiments made by 
saturating the h»emoglobin of blood with 93-94-2°/, carbon dioxide at 
38°C. In the sixth column of figures the values are purposely calcu- 
lated for 100°, saturation. The figures in the last column therefore 
are the minimal values showing the sages of gas which the colloids 
of the blood can take up. 


Hourssat, Bar.P. Hb. % “and 760 P. 


+P. 

A 2. 741 0-8 510 5-68 

761 2-12 53-1 43 477° | 84 
D 752 25 57-0 53-54 46-5 

760 41 73°0 533 «(473 26-7 
71-0 524 45:3 26-7 
4-25 61-0 53-5 46-06 14-94 
770 4:5 75-0 53-6 474. | 266 
747 - 61-0 51-5 44-4 166 
J 6-05 60-5 42-6 17-9 
K 748 6-2 171 51-22 43:26 «(33-85 
16 761. 8&3 BOD 44-74 57°76 
0-75 742 802 4824 41-16 48-04 
3 1-5 142 8-8 89-2 48-24 41:16 48-04 

760 96 856 5016 44-99 44-57 
760 9-6 88-03 5016 43-04 
2 8774 48:40 41-97 45-77 
751 86-17 48-40 41-97 44-20 

1 152 13-8 04-7 47-33 41-07 53-63 
120-0 48-15 33-83 116-17 

770. 18-0: 1502 46-05 41-37 148-83 
0-75 74 200 1183 4403 33-17 85-13 


- It is evident that salt-free blood can absorb quantities of carbon 
dioxide and that within limits the capacity to do this augments 


with the percentage of hemoglobin. I have thought it advisable to 


give not selected but the total experiments. Six out of 23 experiments— 
B, G, I, J, O and V—are, I think of doubtful accuracy. These were 
early ones and the measurements were made in an eudiometer. I have 
considered the extra absorbed gas to be united with both: the blood 
pigment and the proteins, though in many experiments, the object of 


which was to ascertain whether the proteins of serum, egg white and 


whey had the capacity of absorbing dioxide, I have not found much 
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evidence to indicate that proteins free from salts can absorb this gas 
é to any marked extent. But the figures given by Nagela1) for serum, 
| ik though he does not draw this inference, appear to me to show that the 
| | absorption of carbon dioxide by proteins is possible. This view is 
) generally held to be'the case. Therefore, in the following table taking 
the value of hemoglobin to proteins in dialysed blood corpuscles as 
1/0-157, I have assumed that proteins can absorb carbon dioxide to an 

i: extent equal to that of hwmoglobin. Even with this admission, the 
ee blood pigment absorbs quite large amounts of carbon dioxide. _ 


25 10-5. 1-427 
41 25°7 22-721 1-2 


148- _ 20-16 128-67 1-15 


The following results also show the influence of varying quantities 
of the same —oupege of dialysed corpuscles added to water in different 


of corp dyed at for dae: 
7 Hemoglobinometer = 161 = 22-2°', haemoglobin — 


of depot, were made a 
A + 65 distilled water 


Bach of thowe was saturated with 96 carbon dioxide for 1-5 hours at 38°C. and then 


0° C. and 

"167 96 

167 61 120 52-6 462 = 258 
767 3-6 62-0 


trom this and excluding the protein, the following rales are obtained 
for gm. of ad 0 
B=400c0c. C=4200 
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Saturation of dialysed corpuscles with carbon diowide at 
varying pressures. — 
- ‘The ‘toliing tables give a few examples of the absorption of carbon 


I. » 
Laked dialysed corpuscles of o- blood saturated at 38°C 
of 
of of Absorbed c.c. of 


A 07 70 25 1056 381 24 21 167 =1-44 0-56 
B 10 70 #17 1043 448 21 224 260 =224 0-56 
"CF 20 760 1104 10305 842 13 121 721 =623 0-56 


* I discovered later that the sampling tube leaked in this experiment when adjusted 


to the gas analysis apparatus, ee 


90 mm. 
, 

‘Pressure c.c. of COs per 100 

2-8 06 2002 £60 
B 1 14-0 70-6 4-88 32-42 

Cc 8-6 140-0 30-1 17-1 129 

1400 41 17-1 22-0 


The se of these tables show definitely. that the total carbon 
dioxide which can be absorbed at a pressure of 104 mm. Hg rises and 
falls with the hemoglobin percentages, ‘and from these experiments 
the conclusion may be drawn that hemoglobin is capable of taking 
_ up considerable amounts of carbon dioxide at pressures between 760 mm. 
and 70mm. Such pressures do not occur normally in the body, and 


statements as to the behaviour of the blood pigment to this gas at — 


lower pressures will not be given until the question of the degree of 
absorption of carbon dioxide by salt-free proteins other than hemo- 
globin is definitely answered. It would seem that until this information 
exists it would be premature to attempt to assign values to the quantity 
of gas actually taken up by dialysed blood at different. pressures of the 

gas, especially since Bohr’s figures for this show wide variations. 
Further experiments may show that all the proteins of the blood possess 


the property of absorbing carbon dioxide. So far I have found that 
none of these exhibit this feature to the degree possessed by hemo- 
globin. This pigment may behave generally like other proteins, but in _ 
addition possess a specific capacity for the absorption of carbon dioxide. 
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(1) 


Buckmaster and Gardner. This Journal, 46. pp. 60, 246. 1910. 


. Ray Lankester. Quart. Journ. Mic. Sci. 10. N.S., p. 1870, 
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CALCIUM AND THE ACTION OF CERTAIN DRUGS 


‘UPON THE FROG'S HEART, By FRED RANSOM. 


"(Troms the 
_ London School of Medicine for Women.) 


THE question ‘whether the presence of calcium i is or is not necessary 
for the production of the increase in systole and rise of tone which 


certain drugs cause when perfused through the frog’s heart is of con-— 


siderable interest. In the following communication the results obtained 
with adrenalin, agaricin, caffeine, saponine, strophanthus and veratrine 
are reported. 


inf. cava; the writing lever was attached to the apex of the ventricle, 


so that the upstroke in the tracings represents systole; the pressure 


was maintained constant and the perfusing fluid escaped by the cut 

The hearts were perfused with frog’s Ringer modified so as to contain 
no Ca, this is hereafter called R-Ca. Its constitution was: sodium 
chloride 0-6, sodium bicarbonate 0-01, potassium chloride 0-0075, 
distilled water 100. None of the perfusing fluid was used a second time. 
The hearts were kept moist by a drip of R-Ca. After the deficiency 


of Ca had produced a definite effect the perfusion was continued with 


a solution of the drug in R-Ca. : 

Adrenalin. Fig. 1 A shows the normal beat, After perfusion for 
80 mins. with R-Ca there is great reduction in the efficiency of the 
heart (Fig. 1B), on adding adrenalin in R-Ca the heart is quite 


quickly restored. Further perfusion with R-Ca alone again diminishes 


the heart action (C) which is however rapidly restored on using a normal 
Ringer containing Ca. 


Fig. 2 A shows the normal beat at the commencement of perfusion 
with R-Ca. After two hours the efficiency of the heart was much — 
reduced (B). Adrenalin in R-Ca now gives a fypical reaction (B). 


depression (C). 


All froge.,were -pithed; the hearts were perfused in situ from the 
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zi Conclusion: adrenalin acts in the absence of Ca from the perfusing : 
fluid (confirming a previous observation by Bayliss(1)). : 
_ Agar. The preparation used was pure agaric acid dissolved in 
alkali. The normal beat is shown in Fig.3.4. After 45 mins. perfusion 
with R-Ca the heart was greatly depressed (B left) but on addition 


‘Fig. 3. 


of agaricin improvement commenced (B right); 4 mins. later (C) the 
heart was considerably better and 7 mins. later still (D) the digitalis- 
like action of agaricin was fully developed and the heart was beating 
more efficiently than at the beginning of the experiment. The slow 
appearance of the full effect of agaricin is characteristic of the drug 


yr 
| 
‘4 
ASS» 
3 
¢ 
a 4 
4 
= 4 
4 
3 
ay 
ic 
a 
i 
“4 
q 
on 
4 
=> 
A 
4g 
a 
4 
4 4 
at 
7 
ig 
3 
% ag 
4 
“ 
ty 4 


jon : agaricin acts'in the absence of Oa from the perfusing 


Caffeine. Perfusion with R-Ca for one hour having reduced the 
efficiency of the heart from the beat shown in Fig. 4.4 to that seen at 
the beginning of B, 0-25°/, of caffeine was added with the result that 
the systole was much improved (8). 

It should ‘be noted that 0-25°/, of caffeine does ‘hot ‘usually cause 

“a tone in the frog’s heart. 


“Wigs, 44. 


Another heart after perfusion for 40. mins. with B-Ca, with the 
result shown in Fig. 6 A, was treated with 0-5°/, caffeine; there was 
a quick rise in systole and also an increase in tone (B). The effect 
was very much that which would in an ordinary way a produced i ina 
normal heart by such a concentration of caffeine. 

Another heart after perfusion for 3 hrs. 40 mins. with R-Cn (Fig. 6), 
causing diminution of efficiency and marked loss of tone, was perfused 
with 1%/, caffeine in R-Ca. 
a — rise of tone. 
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-s A normal heart (Fig. 7 A) was perfused for 4 hrs, 30 mins. with R-Ca, 


| ae fluid and 16 mins. later (C) both the contraction and relaxation 


were Ten minutes later (D) there was marked rise | 
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Conclusion : caffeine acts in the absence of Ca from the perfusing 
fluid. 

Saponine. The action of saponine upon the frog’s | 
siderable resemblance to that of digitalis but comes on more slowly. 


with the result shown in B, then 0-001 °/, saponine was added to the 


Fig. 8. 


of tone. 

Conclusion: the effects of saponine upon the efficiency and tone of 
fusing fluid. | 
Strophanthus. In: with: geod, fresh, and-efleient 
hearts strophanthus has no. apparent beneficial effect at all, and the 
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first evidence of an action of the drug is a more or less marked rise of 
‘tone. When however the efficiency of the heart has been reduced 
by perfusion for 2 hrs: 20 mins. with R-Ca as in Fig. 8 B, moderate 
doses of strophanthus have a marked therapeutic effect (C): On 
continuing the perfusion symptoms of poisoning develop, 1.e. rise of 
tone (D) and later slowing (2). 

In Fig. 9 a tracing is which bed been 
for two hours with R-Ca causing evident diminution in efficiency (be- 
ginning of tracing)... The addition of 0-1-°/ of tincture of strophanthus 
to the R-Ca was followed by a typical strophanthus curve, showing 
first the therapeutic, ae the poisonous effects, and finally death in 
systole. 


Fig. 10. i 


Conclusion: in the conditions selected for these experiments stro- 
phanthus can produce its characteristic effect upon the frog’s heart 
in the absence of Ca from the perfusing fluid. 

Clark@), using digitalis and another method got 
results differing from the above. It is possible that the discrepancy 
is due to the dissimilarity in the methods. It may however be pointed 
out that when the heart beat has become very much reduced by per- 
fusion without Ca, the action of strophanthus i is remarkably slow in 
developing. In Fig. 10 a tracing is shown in which 20 ‘mins. — 
before the strophanthus effect was quite definite. pare 
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Veratrine. Fig. 11 shows that after 3 hrs. 30 mins. perfusion with 
R-Ca and consequent decided reduction in the heart’s efficiency (B), 
the addition of veratrine to the perfusing fluid did not fail to produce 
a very decided effect (C). | 

Conclusion: the action of veratrine upon the frog’s heart is not 
prevented by the absence of Ca from the perfusing fluid. 


Fig. 11. 


In the conditions obtaining in these experiments the absence of 
Ca from the perfusing fluid does not prevent the typical action of 


adrenalin, ‘agaricin, caffeine, saponine, strophanthus or veratrine upon 


the frog’s heart. 
(1) Baylies, General Physiology, p. 429. 1915. 


(2) MeCartney. Paper in the press. Journ. of Pharmacol, 
(3) Clark. Proc, Roy. Soc. Med, 5. p, 1. 1915, 
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A COMPARISON BETWEEN VOLUNTARY AND ELEC- 
TRICALLY. INDUCED MUSCULAR WORK IN MAN. 
By A. KROGH awp J. LINDHARD. 


“(Prom the Laboratory of Zoophystology. . Copenhagen University. 


In 1911 Professor J. Bergonié of Bordeaux constructed an instrument 
by which powerful rhythmic contractions of human muscles can be 


induced electrically with a minimum of unpleasant sensations(1). 


Bergonié utilises a special induction coil, invented by himself. 
The primary current is interrupted about 30 times per second. The 


secondary coil is connected with an automatic commutator which 


closes the circuit for.} second, opens it for }, reverses and closes it 
again for } second and so on. The muscles of the subject are therefore 
tetanised twice every second for about } second each time, and the 
tetanising currents are continually reversed...In the secondary circuit 
a set of rheostats are provided with a total resistance which can be 
regulated from 10,000 ohms to 0. The current is then distributed to 
a number of electrodes; 4 of these are large metal plates fixed symmetri- 
cally in the seat and back of an easy chair while the rest (5 or 7) 
are flexible metal plates as large as ‘convenient, which can be put 
on to the calves, thighs, stomach and arms of the subject. For 
each electrode a special rheostat is provided, the resistance of which 
can be varied from 2000 ohms to 0. The metal plates are never placed 


directly in contact with the body, but the current is.transmitted through 
_ several layers of cloth thoroughly moistened in warm water or saline. 


As the current enters through very large surfaces cutaneous sensations 
can be almost completely avoided, and by suitable connections of the 
single electrodes and regulation of the resistance in series with each 
electrode a large number of powerful muscles can be uniformly and 
strongly stimulated. In order to increase the muscular work and 
diminish the violent movements, which would otherwise. result, the 
body is loaded with bags of sand the total weight of which can be 
brought up to 100 kg. the whole of this weight 
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MUSCULAR WORK. 


can be lifted one or more centimetres. To obtain the maximum of 
work with the least inconvenience the two seat electrodes are 
connected with one the commutator end-all ‘the asst 
of the electrodes with the other. | 
The Laboratory of Zoophysiology has copied the Bergonié appara- 
tus, altering it in several unimportant details. In one point we believe 
that we have secured an improvement. Our commutator is con-— 


' structed as follows (Fig. 1). The wires from the induction coil are 


connected to the mercury in the grooves 1 and 2 and thence to each of 
the zine plates 3 and 4 which are 12 mm. broad and 1-5 mm. thick. 
These plates revolve once per second in the groove 5. The circumference 
of this groove is 150mm. In two diametrically opposite places the 
groove is covered with strips of zinc, forming grooves 2:mm. broad and 


of 30 mm, length, and it is filled with » 25°, solution of chloride of zine. 
The whole is of course carefully protected against dust and evaporation. 
The current for the subject is taken from the two strips of zinc (6 and 7) 


' and the advantage gained by the arrangement is a gradual instead of 


@ sudden onset of the muscular contractions induced, but we must 
admit that the difference with regard to the subjective sensations 
between our commutator and a revolving commutator hin oe 
silver contacts is not considerable. 

Methods. For the study of the induced work we. baie used the 
Beegiald apparatus in connection with the .recording respiration 
apparatus described by Krogh 2), and the experimental methods have 
been practically the same as those which we have ere suger 
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14 KROGH AND J. LINDHARD. 

‘The subject is placed, in bathing costume, in the Bergonié chair. 
- The electrodes and the sandbags are put on. Current is put.on gradu- 
ally and the resistances adjusted so as to obtain the maximum effect 
with the smallest possible inconvenience to the subject. In experiments 
to study the initial stages of induced work the cirouit is opened again 
after the regulation and the necessary tests and the subject allowed a 
period of rest of 15 to 30 minutes. In experiments to study the general 


effects of the induced work the strength of current is gradually in- 


creased until the contractions become sufficiently powerful. 


We stimulated the muscles of the legs only, and thus avoided direct 
stimulation of the respiratory muscles. One arm of the subject has as 


a rule been utilized for recording the pulse, and with the other hand the 
subject was able to adjust the resistances which were paw within easy 
reach. 

For the respiration experiments the subject: is ciasected by means 
of a Zuntz mouthpiece or a Bohr mask with the recording respiration 
apparatus, by means of which a continuous quantitative record of the 
inspired and expired volumes of air is secured. At convenient moments 
during the experimentation time respiration experiments proper are 
_ made by taking samples for analysis of the inspired and expired air 
and marking and afterwards measuring the corresponding portion of 
the record. The respiration experiments have usually been of about one 


minute’s duration,. For each respiration experiment the total venti-— 


lation per min. (volumes measured moist at room temperature) the 
frequency and depth of the respiration, the absorption of oxygen 
(measured dry at 0° and 760 mm. pressure) and the respiratory quotient 
are figured out. Usually we have also calculated the CO, pressure in 
the alveoli, utilizing the average depth of the respiration during the 
period, the CO, percentage of the expired air and the volume of the 
dead space of the air passages as determined by us‘). 


The pulse rate during rest immediately before the beginning of the _ 


induced work and during the initial stage of the work has in many 
cases been recorded graphically on the same kymograph with the respira- 


_ tion record, and the changes in pulse rate have been determined by | 


measuring the duration of successive groups of 5 pulses: In later 
stages of the work the pulse has been simply counted, usually repeatedly, 
in one minute periods. 

. Determinations of the circulation rate by our nitrous oxide method 
have been made only during later stages of the induced work. The 
technique has been described by Krogh@) and Lindhard(). We 
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‘have lately investigated anew some of the technical details of our 


circulation rate method, especially the point whether the gases are 
completely mixed in the lungs at the moment of drawing the first 
sample. We have found that the mixture though probably not always 
absolutely complete is quite sufficient for the practical purposes of a 


circulation rate determination. 


The physiological problems studied. A study of in‘ mniselar work 
which can be induced by means of the Bergonié apparatus presents 
several points which are of importance physiologically, but our chief — 
reason for undertaking it was the idea that it might furnish a clue to 
some of the problems which had confronted us in our experiments on 
the initial stages of voluntary muscular work (7). 

- We found then that at the beginning of muscular work a number of 
changes take place immediately, that is with a latent period of less 
than a second, in the circulation and in the respiration, and we discussed 


- the question whether these are of a reflex nature, or their origin is 


perhaps central and they are to be explained by the motor impulses 
radiating to the respiratory, cardiac and vasomotor centres. In our 
opinion the available evidence, though insufficient to decide the issue, 
pointed towards the latter alternative as the most probable. It will 
be convenient here to summatize briefly the evidence in question. 

When voluntary muscular work suddenly begins there isan immediate 


_ increase in the pulse rate!. The very first beat of the heart after beginning 
_ work is at an increased rate, and the increase is continued, though more 


and more slowly, until the rate corresponding to the work performed 
is reached in 1—2 minutes. Johansson(s), experimenting on rabbits, 
found that the immediate increase in pulse rate could not be induced — 
by passive movements or electrical stimulation of the muscles and 
concluded that its origin must be central. 

_ The rate of circulation through the lungs is less abruptly increased, 
there being a latent period usually of a couple of seconds or a little more. — 
This is about the time an immediate increase in blood flow through the 
working muscles would require to make itself felt in the lungs, and we 
must conclude, therefore, that such an increase takes place. Whether — 
it is brought about reflexly or by impulses emanating from the brain 
we had no means to decide. 

The ventilation finally is increased and often greatly increased the 

very moment the work begins. From the observation, that a large 
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increase in ventilation could be brought. about without a load on the 
ergometer, when the subject was led to believe that he would have to 
perform heavy work, we concluded that a central origin of the impulse 
was the most probable, We concluded further from the results of 
special experiments, which it seems unnecessary here to detail, that the 
nervous impulses increasing the ventilation acted most probably through 
the automatic respiratory centre by increasing its excitability towards 
its normal stimulus. 
_.» In muscular work induced by the Bergonié process an biaiilietion 
of ousted motor impulses cannot take place. If, therefore, the regula- 
tions observed in the initial stages of voluntary muscular work are found 
also when the work is induced they must be of a reflex nature, while 
their absence gwould furnish strong evidence towards their central 
origin.in voluntary work. From this point of view we have studied 
the changes taking place when the induced work is brought about 
suddenly without the knowledge of the subject. It is a drawback in 
this study that it is not possible suddenly to obtain really severe 
induced work, since only a comparatively low intensity of the current 
can be endured at once, while much more can be taken without i incon- 
venience when it is gradually increased. 
We shall now proceed to discuss the evidence obtained regarding 
the initial and later stages of the induced work, — the oneeae 


The of induced work. 


The initial increase in the pulse rate. to good 
basis for the comparison between voluntary and induced work we have 
made a few determinations of the pulse rate at the beginning of light 
voluntary work on the ergometer, recording the pulse by means of a 

string galvanometer’. In Fig. 2 curves showing the rate of increase 
of the pulse of J. L. with light voluntary work (corresponding to 0, 
absorptions of 800 to 1200 c.c. per minute) are given at the top. They 
show in two cases out of the five recorded an instantaneous increase in the 
pulse rate similar to that observed in earlier experiments with heavier 
work(7) and simultaneous, so far as can be judged from our records 


_ + We are indebted to Dr L. Fridericia and Dr.A. Westerlund for the loan of instru- 
ments and for their very kind help in carrying out the cardiographio experiments. We 
found that the best method for leading off from the wrists during work was to apply a wet 
and to secure it by a number of additional turns of the bandage. _ | ee 
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with the actual beginning of work. In several cases (in addition to 
those recorded in Fig..2) we have been able to ascertain that, just as in 
heavier work, the very first beat after the signal for beginning work is 
shortened. Sometimes the increase may, however, be more gradual 
and this seems to happen, especially, when the pulse rate is abnormally 
high before the beginning of work. : | 

The onset of induced muscular work is always followed by an increase 
in pulse rate (the lower set of curves in Fig. 2) showing a latent period 
of one or more beats, so far as we have been able to make out on the 
graphic records. In one case we have even observed a slight decrease 


—9R 0,7 900c« 


Fig. 2. 


from 67 beats to 65 per min. during the first five beats after the beginning 
of work. As all our induced work experiments show a gradual instead 
of an abrupt rise we must conclude that the initial increase in pulse 
rate is (at least usually) brought about by different mechanisms in 
voluntary and induced work, and there is scarcely any other possibility 
than to assume that it is generally central in origin with voluntary 
work and always reflex with induced. It is worthy of note that in both 
cases an increase appears before any blood from the muscles put in 
motion could reach the central nervous system or the heart. An initial 
chemicai:or thermal regulation can therefore be-ruled out, though a 
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chemical mechanisti may very probably be responsible for the regulation 


of the pulse during later stages of work, induced as well as voluntary. 
9. ‘The ventilation is practically always increased immediately 
(or within less than a second) when muscular work -is induced, and 
usually there is an immediate augmentation both of the respiration 
rate and of the depth. After a time, varying between } and 3 min., 


a more or less constant level is reached. It will be shown below that | 


_ this level is usually considerably higher than that corresponding to the 
same oxygen consumption in voluntary muscular work. Reasons will 


also be given below for the conclusion that the ventilation during — 
induced work is not simply a function of the amount of work but is — 


Fig. 3. K. A. H. Transition from rest to induced work: .Ventilation-and pulse. Time 


record 0-1 min. Scale litres. (Oxygen absorption during rest 286 0.0. per min. 06 m. 


after beginning work 468 c.c. per min.) 


to a certain—often very considerable—extent produced ‘ee the direct 


stimulating effect of the electric currents upon afferent nerves and 


similar in kind to the pain hyperpnoea described by Yandell Hender- 


son(9). Examples are given in Figs. 3—6 of the changes in ventilation 
at the beginning of induced: work. When the ventilation per minute 
is figured out for consecutive breaths in these curves! the fact comes 
out that there is a distinct difference as shown in Fig. 7 between the 
type of increase in induced and voluntary work respectively. In 
voluntary work there is, as we have found before and verified in recent 
experiments with light work on the ergometer, an abrupt increase in 


ventilation followed usually, but not always, by a slight decrease and a — 
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second more gradual increase’, In induced work the primary increase 
is gradual. It may be rather slight in the first breath but is continued 
for several breaths. 


Fig. 4 R.£E. Transition from rest to Fig. 5. R.E.. Transition from rest to induced 
induced work. (O, absorption during work. (0, absorption during rest 20c.c., . 
- pest $12 c.c., 0-5 m. after beginning 1-2 m. after beginning work 933 c.c, per min.) 


an element of surprise. which is of course abeent i in the voluntary work. 
We ought to have made tests also on the induced work in which the 
subject should be warned just before the current was put on. Instead 
: 4 Ym the curve marked 1187 on Fig. 8 the ventilation begins st an unusually high 
level and falls rspidly towards the normal. ino to the of pedaling whieh wus 
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? of doing this we have afterwards made a few experiments on the ergo- 
meter in which we have introduced the element of surprise by suddenly — 
while the subject was working lightly—increasing considerably the load 
on the machine, thereby making the work heavy without the previous 
-knowledge of the subject. Examples of curves obtained in this way 


ergometer (right). 


work on the ergometer. 

are given in Vig 8: They show invariably a latent ahi varying in 
length between 0-7 and 1+1 sec., during which the respiration is not in 4 \ 
the least affected and then a complete cessation of the respiratory be 

- movements. lasting 1-2 to 1:8 sec., but when the respiration begins ! es 
again it begins with an abrupt, deep inspiration in the two subjects ff - 
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examined (J. 
for voluntary work. Table I shows the — results obtained by 


resp. first Vent. per min. calculating from — About 
Date Subject Yresp. resp. resp. 4 resp. 
22/8. 025 498 #429 40 8008 569 — 
23/8 <A.K. 225 018 -030 358 37:7 301 316 57-7. 
2278 JL O11 026 032 550 805 40 472 — 


Our results compel us to believe that there is a difference in the 
mechanism of the increase in ventilation between the voluntary and 
induced work, and we think it reasonable to ascribe this difference 
to the direct action of cerebral centres in the first case and a reflex 


- g@etion in the second. We are quite sure, however, that there is not in 


the case of the voluntary work any conscious increase of the respiration. 
The consciousness concerns itself exclusively with the work to be done, 
but just as the impulses are distributed without the intervention of 
consciousness to the spinal centres of the several muscles which are 
to do the work, so also are they carried to the respiratory centre and to 
centres governing the heart rate and the blood flow through the muscles 
involved. 

Tn induced work the mechanism. of the talldal increase must be 
reflex, but in the type which we have been able to study it is quite 
possible that centres within the brain are involved in the reflex,_since 
the work cannot be brought about without causing very distinct sensa- 
tions. | 

Neither in induced nor in voluntary work is there any indication 

of an initial chemical regulation of respiration or circulation. - 


The later stages of induced work. 
The pulse rate. Boothby has pointed 


| case the pulse rate during work on a bicycle ergometer was found to be 


a linear function of the metabolism as measured by the oxygen con- 
sumption. In order to see whether this would hold good for other 
— also and for other kinds of work we have plotted a large number 
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the experiments of Boothby with W.M.B. on the ergometer. The 
determinations marked A, x, and are taken from the paper of 
Lindhard(6) on the minute volume of the circulation, y, A, x and o 
are from ordinary ergometer experiments on Mrs M., V.M., J..L. and 
J. J. respectively, while ? are from two experiments on J. L. in which 
the ergometer was turned by hand. The determinations marked - are 


from Benedict and Cathcart’s exhaustive study on work on the — 


ergometer (11). We have used only the experiments on the professional 
bicyclist M.A. M., and as the work was continued for much longer 
periods by this subject than in the experiments of Boothby or Lind- 
hard we have selected the first countings only, made generally after 
about 4 hour’s work and therefore most nearly comparable with the 


other determinations cited. The determinations finally which are — 


marked 0 and + are new. Those marked + have been made on J. L. 


in recent experiments on the ergometer and those marked 0 sith : 


induced work in the Bergonié chair. 


__ An inspection of the chart shows first that there is on the whole 


an increase in the pulse rate with increasing 0, absorption and that 
_ this increase is approximately rectilinear in character, though the 


single determinations show rather wide deviations. When, however, 
the pulse of single individuals is studied separately it becomes clear 


that each individual shows a definite rate of increase, which may or 


_ may not be the same as that of another person. In the subjects W. M. B. 

(¢) and Mrs M. (\/) the increase in pulse rate with increasing O, absorp- 
tion is much more rapid than in any of the other subjects reaching a 
rate of 150 with an O, absorption of only about 1100 ¢.c. per min. In 
the case of Mrs M. work corresponding to 1100 ¢.c. per min. is near the 
limit of what she is able to perform over a period of more than 10 min. 
For J. L. (x, +, ?, 0) and M. A.M. (-) we have at all 0, absorptions 
very nearly the same pulse rates, and this is true for'J. L. whether the 
work is performed chiefly with the leg muscles on the ergometer (x, +), 
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_with the hand orin the Bergonié chair (0). J.L. practically 
reaches his limit at an O, absorption of 2600 c.c. per min. with a pulse 
tate of 170, but M. A. M. is able to do heavier work without any further — 
increase in the pulse rate. This may conceivably be a result of his 
professional training. The subject M. reaches a pulse rate of 170 at 
an O, absorption of about 2200 c.c. per min. which is practically his 
limit, but J. J. (who also rides in bicycle races) shows an increase in 
pulse rate, which is more gradual than that of any of the other subjects, 
and does not reach a rate of more than 160 at the highest 0, absorption 
(2700) shown on the chart, while his limit is reached at 3200 c.c. and a 
pulse rate of 168. 

It is obvious that the pulse rate is, and must be, subject to many 
influences, both accelerating and retarding, besides the metabolism, 
but it seems legitimate to conclude that when such influences are absent, 
or when they become eliminated from the results by averaging larger 
numbers of independent observations, the pulse rate is a linear function 
of the metabolism, independent. of the kind of muscular. work done, 
but different in different subjects. According to Benedict and 
Murschhauser(i2), however, this rule should not hold during horizontal 

IL J, L. Circulation rate determinations. 
vol. 

49° #849 71 69 on ergometer 
675 - 5&9 114 37 Rest in Bergonié 


/ 
4 
4 
5/5 262 71 chair (loaded) 
as 804 12/1 10-65 86 124 75 Bergonié work ; 
8/5 11-4 § 
855 11:3 11-35 89 128 4 
| 24/3 895 14-7 14-7 100 147 60-5 
4/5 121 } 
y 943 14-1 13-1 93 141 72 ” 
: 
0 be 971 965 6 £42101 101 4 
14/5 1275 16-35 
16-2 118 137 80 
1328 17-1 124 138 8 a 
” 
x 
27/5 
1455 19-0 120 158 765 ” 
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2. The minute volume of the circulation. Table II contains a number 
of circulation rate experiments made on J. L. during rest and work in the 
Bergonié chair and on the bicycle ergometer. The experiments have 
been arranged according to the intensity of the oxygen absorption. — 
The rest experiments show the well-known difference in the circulation 
between the sitting (half-lying) posture in the chair and the nearly 
erect posture on the ergometer. The latter involves a pronounced 
decrease in the minute volume!. During work the minute volume is 
increased, and the increases are evidently nearly the same in induced 
and voluntary work producing the same 0, absorption. This is well 
_ brought out by the upper curve on the chart Fig. 10, showing the minute _ 


Ma 

2] 

‘gr 
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Fig. 10. 


different kinds of work supports strongly the conclusion reached by 
Lindhard(4,6) and confirmed by Boothby do), that one of the chief 
factors governing the circulation is the intensity of the metabolism 
as measured by the oxygen intake. We must emphasize however the 
_ restriction pointed out by Lindhard(é), that the relation between the — 
minute volume and the oxygen absorption can differ rather widely in 
different individuals and need not even be constant for the same indi- 
vidual over an indefinite period. Lindhard has shown on J. J. that 


2 In the ohair and to s lees degree on the ergometer the circulation rate is markedly 
higher than it has been formerly in this subject. The high values found in the chair may 
_ possibly be due, partly, to the load of sandbags, which must drive the blood from the veins 
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training diminishes the minute volume to a 
certain amount of work, and our recent series of experiments on J. L. 
show that the ratio minute volume : oxygen intake became distinctly 
higher for this subject i in 1915 than in 1914. This is shown by the 


two curves (Fig. 10) in which the recent experiments in the Bergonié 


chair are marked 0 and on the ergometer + while the older series of 
experiments taken from the paper of Lindhard(é) are marked x for 
the ordinary ergometer determination and « for the three experiments 


_ in which the ergometer was turned by hand. 


With regard to the mechanism by which the pulse rate and minute 
volume can be regulated so as to be a linear function of the oxygen 
absorption, which is undoubtedly in this connection the independent 
variable, we have no evidence on which to base any conclusion, and at 
present no definite suggestions to make, Boothby) has suggested 
that the hydrogen ion concentration of the blood might be responsible 
for this regulation as well as for the regulation of the pulmonary 
— The evidence brought forward by Boothby in support 

of this suggestion is to our minds invalid, and the suggestion itself 
@ priori not very probable. Experiments have been planned by 
Dr.G. Liljestrand, however, and will be carried out in this laboratory — 
to put it to the test. 

3. The pulmonary ventilation; We have found that there is a most 
intimate relation between the rate of ventilation during induced work — 
and the sensations produced by the process. When the electric stimuli 
are not absolutely uniform the sensations become unpleasant with the 
inYariable result that the respiration becomes more or less irregular 
and the ventilation increased. We employed at first a metronome 
commutator with-wires dipping in mercury cups, but with this apparatus 
we could never obtain regular results and sometimes had ventilations - 
exceeding 70 1. per minute with a frequency of 40—80 respirations per 
minute, though the oxygen absorption was quite moderate (800 c.c. 
per min.). Fig. 11 shows an example of the breathing recorded in 
such a case. When the work stopped we often, as in Fig. 11, observed 
an apnoea of considerable duration and periodic breathing for a time 
afterwards. We are convinced that in all these cases we had to do with 
the form of respiration studied by Yandell Henderson() and . 
by him pain hyperpnea. In our cases however the actua! “pain” 
usually extremely slight. 

When we put in the new commutator, described above, we at once 
obtained much more — results, but even when no irregularity can 
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be detected in the working of the apparatus and no trace of unpleasant- 


ness is felt during the: work the respiration is not nearly so constant 
as it is during voluntary work, and the ventilation corresponding to 
a given O, absorption is generally considerably higher, as soon as the 


O, absorption exceeds 600 ¢.c. per min. In Table III we have put 


together a number of selected experiments in the Bergonié chair 
during which no irregularity or unpleasantness could be detected and 
compared them with experiments showing corresponding 0, absorptions 
on the ergometer. Of these latter the six experiments, for which the 


| 
Hi ! 


| “Ve 


Fig. 11. J. Respiration during and just after induced work. 


metronome commutator. (0, absorption 


per min. increasing from 368 to 845 c.c.) 


the investigation now under review but have ae selected from the 


earlier paper by Lindhard(6). The results for ventilation per minute 


_ and frequency of respiration of the subject J.L. have been rendered 
graphically in Fig. 12. The difference in regularity between the ergometer 
and the Bergonié results is very striking, and it is seen that in all 


cases, except those with O, absorptions below 600 c.c. per min. and 
the next highest, the ventilation is much larger during induced work 
than on the ergometer. 


Even when the apparatus is working quite smoothly the Bergonié | 
_ ‘process, beyond a definite low intensity, stimulates the respiratory 
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1050 
1360 
1365 
1280 
1567 
1684 


1610 


1580 
1640 
1580 


36-1 


12-5 

8-4 
25:1 
22-4 
24-4 
43-5 
51:8 
36-6 
37-8 
59-3 


44-1 
43°3 
42-2 
50-2 


35-5 
33-5 
33 


1-02 
1-00 

98 
1-10 


EPL 


6/3 +9 


ee 


410 88 130 27-5 
647 144 815 
616 97 194 35 
— — 
1045 140. 21-3 38 
1272 147 252 40 
1415 159 320 36 
1441 143 30-2 30-5 
1455 160 332 — 
2045 242 479 36 


from Lindhard (6). The time has in these cases been mom +8—10 min. 
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centre and produces a hyperpneea with corresponding lowering of the 
alveolar CO, tension. 


We reserve for a future publication the theswetina! treatinent of the 


‘regulation mechanism of the breathing during the different kinds of 
muscular work, and we put off until this occasion the discussion of the 
respiration frequencies observed in the two kinds of work, as well as— 
the significant peculiarity that with O, absorptions below 600 c.c. per. 
min. the ventilation is _— lower in the eT chair than on 


. It has been claimed that the Bergonié treatment, used for about 
- one hour each day through a period of a month or six weeks is very 
effective as a cure against obesity, and there is no doubt that this — 
is so in a number of cases, especially extreme ones. We do not think — 
that the gas exchange duririg the induced work in the chair can in’ 
general be raised above 1600 c.c. oxygen per min. or 1350-¢.c. above | 
the normal, which would be consumed by the combustion of 0-68 gr: fat. 
or 41 gr. in an hour. In a cure lasting six weeks about 1-5 kg. fat only — 


could therefore be removed by the treatment in the chair itself, which 
falls very far short of the clinical effects observed in a number of cases. 
It has been noted, however, by practitioners employing the ‘Bergonié 


cure for obesity that it affects beneficially the general mobility of their — 


patients, removing by degrees their aversion against corporeal exertions, 
and this effect must evidently be the chief factor in the cure. The 


_ physiological cause underlying this clinical effect is most probably a — 


change in the muscles acted upon, of the kind which is generally known 
as muscular training. The physiological characteristics of training are 
by no means well known, but it has been shown that it is generally 
accompanied by a slight increase in the resting metabolism (Benedict 
and Smith(s)) and, sometimes at least, an appreciable increase in the 
minute volume of the heart during complete rest (Lindhard(6)). The 


degree of training of a set of muscles can be estimated by the total 


amount of work which they are able to perform before exhaustion. — 


We have endeavoured to study these effects of the Bergonié treat- ) 


ment. Dr H. P. Lund, who possesses and constantly uses a Bergonié 
installation, kindly undertook to act as a subject and to take one hour’s 
exercise in his own chair each day. Owing to pressure of work this 


programme could not, unfortunately, be carried through regularly. The 
exercise taken did not as a rule amount to more than $—} hour, and it 
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‘was not taken each day. The work done was determined twice by us. 


by means of a Douglas bag respiration apparatus and corresponded to 
an oxygen absorption of about 1500 c.c. per minute. No other physical 
exercise was taken by the subject during or before the period studied 
which lasted from March 7, when the subject began to take exercise 
in the chair, until April 23. Once every week Dr Lund came to the 


laboratory and had his standard metabolism and minute volume 


measured, and we made also on these occasions experiments by means 
of the ergometer and respiration apparatus, letting the subject work 
as heavily as he could, until he began to feel exhausted. Owing to 
lack of time on the part of the subject we had to arrange these experi- 
ments in such a manner that they could be finished in a very short time. 
The results of our experiments are given in Tables IV and V. They 


are not very satisfactory and certainly not conclusive, chiefly no doubt 


because the amount of Bergonié exercise taken has been too small. We 
find the standard metabolism practically unchanged, but there appears 
to be a distinct increase in the minute volume during rest. The work 
performed on the ergometer is increased from week to week during the 
period of Bergonié training, but we do not feel sure that this must be 
interpreted as an effect of the work performed in the chair. 

In column 10 of Table V we have calculated the “technical efficiency ” 
of the work performed. This remains unchanged throughout the 
period, as would be expected, but it is worthy of note that during each 
experiment the efficiency is decreasing with increasing exhaustion. _ 


Taste IV. H.P.L. Respiratory exchange and circulation rate 
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Circulation rate experiment 
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Tints V, Work experiments on ergometer during period of Beiyonié training 


cent. 
(840) 26-6 Work uneven 

24-9 

23-6 

26-4 


0-98 1092 21-4 


27/72 25 45 4000 33 489 1870 
20 4496 2040 1-04 875 
6/38 25 100 9000 { 55 49-05 2010 104 890 
02 4785 20465 098 860 
+4 26 4036-1065 1-06 920 
13/8 25 12 10125 ' 63 640 1965 1045 870 25-0 
100 529 2060 0075 855 23:3 
| ( 25 570 2190 107 . 940 238 
20/8 25 130 12750 85 655 2480 008 935 206 
126 555 2180 0-95 860 «21-9 
(20 506 2310 1-11 10200 243 
27/3 30 135 14600 62 618 2570 0995 1068 226. 
| 126 634 2435 0-98 996 22-4 
83-0 2620 1175 1218 #22 
17/4 35 %4 11200 
(+18) | £8 1015 1120 21-7 


The Bergonié in tetanisation of 
human muscles: When applied to all the muscles of the legs it can 
without causing painful sensations raise the gas exchange to 1600 c.c. 
0, absorbed per minute. 

2.. The effects on circulation and. respiration of -work induced .by 
the Bergonié process have been studied and compared with those of 
voluntary work on the ergometer. 

(a) The mechanism of the initial increase in pulse and ventilation 


rate is different in the two kinds of work. The increase originates asa 


rule from cerebral impulses in voluntary work but is produced reflexly 
in induced.. A chemical regulation sets in later in both cases. 

(6) During work—induced and voluntary alike—the pulse rate and 
circulation rate are linear functions of the metabolism, but different in 


_ different subjects and dependent upon the state of training, 


(c) The rate of ventilation is usually greater in induced work hai 
in voluntary corresponding to the same oxygen absorption, This is 


probably due to afferent impulses from the stimulating currents. 


3. The direct effects of the Bergonié treatment as a cure for obesity 
are —— but the indirect effects peocanns by training of the 
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muscles acted upon are probably considerable, though we have not 
succeeded in demonstrating them in our experiments. 
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THE OXYGEN USE OF MUSCLE. 
By J. N. LANGLEY, F.R.S. anp M. ITAGAKYI, 


(From the Physvological Laboratory, 


- ‘Tum rapid loss of weight which occurs in denervated muscle shows that 
the balance of repair and breakdown is upset to the detriment of the 


former; but it does not show whether the disturbance of the balance 
is due solely to a lessened power of repair, or solely to an increased 
breakdown, or to both of these. That a lessened power of repair is 
in part responsible for the change is indicated by an experiment 


published a short time ago by one of us). In this, the muscles of - 


both hind legs of a rabbit were denervated, those on one side were 


made to contract daily for three weeks, those of the other side remaining 
at rest. The contraction had no certain effect in delaying the loss of 
weight of the muscles. In normal muscles, contraction carried on for 
@ like period causes either an increase in weight or delays the wasting 


that would go on without it, so that the absence of increase in the dener- 


vated muscle may reasonably be attributed to a lessened power of — 
repair. But this line of argument though suggestive is not wholly 
conclusive. The question can be approached from another side. Obser- 


vations which have been made in various ways especially those of 


Fletcher and Hopkins on the formation of carbonic and lactic 
acids, of A. V. Hill on heat production, and of Verzar on oxygen 
use, all tend to show that the oxygen taken up by muscle is used partly 


for the repair of muscle, and partly for the oxidation of products to 
be eliminated. In such case if the loss of weight of denervated muscle 


were due solely to lack of power of repair, the oxygen use! would be 


decreased, if it were due solely to greater breakdown, the oxygen use 
would be increased. Thus a knowledge of whether the oxygen use in 
denervated muscle lessens, or remains the same, or increases, would 
enable a conclusion to be reached as to one or more of the possible 


unit time. 
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ways in which the loss of muscle substance may conceivably occur 
and serve as & guide for further investigation on the cause of the 
atrophy. 

Method. The animals vised were cats. The nerves were cut on 
the left side. In two experiments the internal popliteal nerve was 
cut, in two others both internal and external popliteal nerves. For 
the operation the animals were anesthetised with chloroform; for the 
final experiment they were anwsthetised first with chloroform, then with — 
4.0.8. mixture given by a tracheal tube, and with urethane (7 to 8 c.c. 
injected subcutaneously), except that in Exp. 4 no urethane was given, 
and about an hour before taking samples of blood the brain was 
destroyed by injection of starch grains into the carotid artery, then 
artificial respiration was kept up and the a.c.z. discontinued. 

In Verzar’s experiments(2) on the oxygen use of normal muscle, 
the blood was taken from the gastrocnemius only. The tendo 
Achillis was cut and the veins entering the deep surface of the muscle 
were tied. This procedure necessitates considerable exposure of the 
muscle. In order to avoid this, we have taken either all the leg muscles. 
innervated by the internal popliteal nerve, or the whole of the leg 
muscles, 7.e. the muscles exclusive of those of the thigh and foot. In 
either case the exposure of the muscles to be examined need only be — 
slight. In the former case the anterior tibial artery and vein were — 
tied and the extensor muscles excised. It must be noticed that by 
our method, the blood obtained though predominantly muscular is 
not wholly so, since some comes from the tibia, or tibia and fibula, as 
well as from the deep fascia. For our purpose we regarded this as of | 
no importance, since similar blood, though perhaps not quite in the 
same quantity, mixed with the blood from the muscles on the undener- 
vated side and was taken for comparison with that of the denervated 
side. All the veins from the foot, from the skin, the veins running into 
popliteal vein above the gastrocnemius and the veins running into the — 
vena saphena and femoral near the junction with the popliteal were 
tied. The internal saphenous véin was isolated just below the — 
ane the femoral for about two inches upwards. 

‘The blood was collected from the internal saphenous vein in the 
manner introduced by Barcroft and employed by Verzar. A cut 
was made in it a little below the junction with the popliteal: the valve 
at the junction prevented any blood issuing from the cut. A graduated 
pipette was passed into the cut, and the nozzle pushed past the valve 
into the main vein, blood at once — flow into the pipette, after 
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904 dN. LANGLEY AND M. ITAGAKI. 
dy to th c.c. had passed into it—during which the pipette was care- 


fully adjusted so that the nozzle was in the centre of the vein—the main | 


vein was compressed about } to 1 inch higher up, and the -pipette 
rapidly filled. The first portion of blood 3,—,, ¢.c. collected was not 
taken for oxygen estimation. In preliminary experiments we did not 
find that clamping the main vein with a bull dog was @ convenient or 
advantageous way of diverting the blood. stream. Instead of this we 
passed a woollen thread under the vein, and an assistant, as soon as he 
_ was told to do so, pulled this up, thus blocking the blood flow upwards. 
_ The pipette was held in a nearly horizontal position... The time of flow 
of each +1, ¢.c. was marked on a revolving drum by means of a key 
and time marker. A few minutes after taking a sample of the venous 
blood, a sample of arterial blood was taken. The oxygen lost by the 
venous blood was determined by Barcroft and Roberts’ @) differential 
manometer, the arterial blood being put in one side of the manometer 
and the venous blood in the other side. The method followed was 
that. given. by Barcroft4) and with apparatus which he kindly 
lent us. 
As we have said above our aim was to see whether denervated muscle 


uses more or less oxygen than the undenervated, and we compared — 


the-rate of flow and oxygen loss of the venous blood from the muscles 
of the two sides. The actual numbers obtained for the oxygen use 
per minute per gram of muscle only hold for the conditions. of the 
experiments and we do not think they show, except in the most approxi- 
mate way; the oxygen use in un-anesthetised animals. We may empha- 
_ size a little .these conditions, since they help to explain the not incon- 
siderable differences we found in the oxygen use even in the course of 
- thesameexperiment. The various operations fromthe time of beginning 
the administration of anmsthetics to the time of taking the first. sample 
of blood took 24 to 3 hours. The prolonged administration of anesthetics 
causes progressive fall of blood-pressure, and in general it will be seen 
from. the protocols that the blood flow was less than would be expected 
from the weight of muscle taken. We did not take a blood-pressure 
tracing for we thought we should lose more than we gained by further 
complicating the experiment. Within the possible limits of blood- 
pressure, variations would affect both sides approximately equally. 
Prolonged anesthesia tends to cause shallow respiration, and incomplete 
oxidation of the blood in passing through the lungs. According to 
Verzar(5) muscle uses less oxygen if there is less in the blood. In the 
first three of our experiments the amount of volatile anesthetic in the 
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body was not kept absolutely constant, the difference was always small, 

but it may have been enough to vary a little the muscle tone on the 
undenervated side, and the slight reflexes which occasionally occur 

when the limb is moved in order to place it in the most favourable 
position for putting the pipette into the vein. 
Most of the factors mentioned above tend to cause a variation in 
muscle metabolism but to a not definitely determinable extent. There 
are also certain sources of experimental error. The method cannot 
we think be trusted to give accurately the rate of flow through the 
muscle. The bore of the nozzle of the pipette is necessarily much 
smaller than that of the vein above, and in consequence by increased 
resistance tends to bank up the blood in the muscle veins and to make 
the estimation of the rate of flow smaller than it really is. In our 
experiments each pair of pipettes used—one on the right and the other 
on the left—were 4s nearly as possible of the same bore, but the bore 
of the several pairs varied somewhat, so that the resistance of the flow 
into them was not exactly the same. The nozzle of the pipette cannot 
be seen in the vein, so that whether it is in the centre of the vein or 
not can only be judged by the position of the pipette and the length 
inserted. Whilst with a little practice there is no difficulty in obtaining 
_ & perfectly regular flow in the pipette, a slight shifting of it will some- 
times cause a distinct variation in rate. When, as in our experiments, 
hirudin is not used, the blood must be run into the manometer quickly — 
or it will clot; but the viscosity increases some time before clotting 
takes place, and this will affect the amount of blood which clings to — 
the side of the tube. | 

- We have compared the oxygen use in denervated and undenervated 
muscle in four experiments. In each experiment the comparative 
estimation was made twice so that there were eight observations in 
all. We give the experiments in the order in which they were made 
since the details were varied as experience suggested. The details of 
method already given above we need not mention again. 

_ The intervals between collecting the successive samples of blood | 
varied from 7 to 17 minutes. Since we do not find any definite relation 
between the length of the interval and the variations in oxygen use we 
do not think it worth while to give the intervals in the tables. — | 
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Exps. 1 and 2. Flexor muscles denervated on one side. 


Ezp. 1. Cat. Left internal popliteal nerve cut 56 days. Body weight 3:22 kilos. 
Extensor muscles on both sides excised. After the last sample of blood had been taken, 
the popliteal nerve was stimulated above the point of section and found to cause slight 
contraction, so that recovery of nervous connection had taken place in some of the fibres ; 
it will be seen however that the difference of weight of the muscles on the two sides was 


Taste L | 
Blood flow Weight of of 
m | per grm. 
1. Denervated (Left) pres 0073 
2. Denervated (Left) 1-545 13-912 -103 O1l4 
I 3. Normal (Right) | 1-63 37-745 02922 0013: 


4. Normal (Right) 2822 37745 0475 

Bap, 2. Cat. daa Body weight 3-35 kilos. 


Taste 
Normal (Right) 2:84 38-764 036. 0026 
IV w{ 3. Denervated (Left) 36 23-755 0465 0071 
4. Normal (Right) ‘3-37 38-764 0384 _ 


- Both of these experiments show a much greater oxygen use in the 
denervated than in the normal muscles but Exp. 2 is clearly much more 
satisfactory than Exp. 1. In Exp. 1 there is a considerable difference ¥ 
in the oxygen use as determined in two different samples of blood taken 
from the same muscles, and this suggests either that the metabolism of 
the muscles was varying greatly or experimental error. Taken by 


_ itself Exp. 1 would not have much weight, but since its main result is 

/ in harmony with that of the other experiments, it may we ‘think : 

be regarded as confirmatory evidence. 

. Rep. 3. Cat. Both left popliteal nerves cut 29 days. Body weight 35 kilo. 
Stimulation of the peripheral end of the: left ‘sciatic was without effect. The blood was 
| taken from the whole of the muscles of the leg. 
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Taste III. 
Denervated (Left) 625 26-021 03122 0073. 
Normal (Right) 1306 «47-684 00323 
Denervated (Left) 10:17 26-021 03702 14) 
4. Normal (Right) 1200 47-684 0298 0075 


i * This number is probably too low and due to some experimental error. 


Blood taken from the whole of the muscles of the leg. In this experiment anesthetics 
were given for the first part only of the dissection. The brain was destroyed about an 
hour before taking the blood samples by injecting starch grains into the peripheral end 
of the carotid artery: ee 


IV. 
fromimusces per gam 
vu Denervated (Left) 393 3618 016 
(2. Normal (Right) 371 58-69 04115 0026 


3. Denervated (left) 372 3618 12725 
4. Normal (Right) 47 5869 045 0036 


Percentage saturation of arterial blood with oxygen 82°/,, 81-3 %,. 


Exp. 3 shows the same characters as Exp. 1. Whilst it shows a much 
greater oxygen use in the denervated than in the undenervated muscle, 
_ the oxygen use in the successive estimations varies greatly. In this 
case the chief cause was we think a variation in the oxidation of the 
arterial blood. The blood in the carotid was more or less dark; and 
a sample taken at the end of the experiment had a percentage satura- 
tion of only 73:1. It was for this reason that in Exp.’ 4, we destroyed 
the brain and kept up artificial respiration. Although this causes a 
great fall of blood-pressure—-it will be noticed that the rate of blood 
~ flow was much less than in Exp. 3—the conditions throughout are kept 
much more constant. In this experiment the difference in the oxygen 
use found in the two determinations of the same side. although taken 
at an interval of 20 to 30 minutes are relatively small. Variation in 
constancy of internal conditions is, however, clearly only one factor 

in the variation of oxygen use as determined by this method, for in 
Exp. 6 (cp. below) made in the same way, the oxygen use was found to 
— 3 and 4, than in those taken either before 
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In the foregoing experiments, the controls consisted of the blood 
samples taken from the undenervated side. We tried a different form 
of control, viz. by comparing the blood samples taken from the two 
sides in a normal animal. ‘Two experiments were made, one early in 
the series, ansesthetics being given and the extensors excised as in Exps. 
1 and 2; the other at the end of the series in the manner of Exp. 4, 
i.e. preliminary anesthesia, destruction of the brain, artificial respira- 
tion, blood samples from the whole of the leg muscles. It will be seen 
that the difference in oxygen use on the two sides is of quite a different 
order from that in the experiments in which the muscles were pin sdavuamm 
on one side. 


Bap. 6. Cat. Anmathetics. Blood from flexor muscles. 
V. 
Weight Oxygen need 
muscles 
1. Right side 8-58 28-525 
AQ Left side 300 28-373 0034 
‘Mean -0039. 


Bap. 6. Cat. Brain destroyed. reepiration, Blood 
Weight of muscles: left =53-05 grm., 


Taste VI. 

in 6.0. blood grm. 

1, Left 5-215 0053 
(2. Right 4000 07325 0053 
3. Left 8-787 0461 0076 
4. Right 6-573 0578 
5. Left 4-615 0606 0053 
6 Right 3850 0759 0052 


_ Taking the experiments as a whole, they bring out a clear difference 
between the oxygen use per gram per minute in denervated and in 


undenervated muscle. In each of the eight cases in which comparison 


was made with one side denervated and the other not, the oxygen 
use was greater in the former than in the latter. The mean of the 
eight cases of the former was -0104 c.c., the mean of seven cases of 
the latter (one being omitted as probably too low) was -0035c.c. If 
we take the oxygen use for 1 c.c. of blood, the mean was -077 ¢.c. for 


that coming from the denervated and -038 c.c. for that coming from 
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the undenervated muscles. The eight observations made in a similar — 
manner on animals in‘which the nerves were not cut on either side also 
show an oxygen use less than.that in the observations on denervated 
muscles, The unsatisfactory feature of the experiments is the varia- 
tion in oxygen use found in some cases in successive samples of blood 
coming from the same muscles. Verzar() only gives one experiment in 
which two successive blood samples were taken from the gastrocnemius, 
but here also there was a considerable variation. A large factor in the 
variation we believe to be due to the difficulty by the method used of 
determining the real rate of blood flow through the muscles. However 
this may be, the variation prevents any conclusion being drawn from’ 
these experiments as to the degree of oxygen use in different stages 
of denervation. We had hoped, as we made the observations at 
different intervals after nerve section, that some information might be 
obtained with regard to this point. 

_ An increase in the oxygen use by the Setevated muscle shows that 
the atrophy of muscle cannot be due simply to a decrease in the rate - 
of building up of the muscle substance. It must be due to the break- 
down ‘being quicker than in the normal muscle. This breakdown 
might conceivably be accompanied by quicker building up if the new _ 
formed product were unstable, but this seems very unlikely in itself, 
and the experiment on the effect of contraction on denervated muscle 
mentioned in the introduction tends to show that the power of repair 


_. is decreased. Consequently the probability is that the atrophy is 


caused ‘partly by a decreased power of repair, but mainly by increased 
breakdown. It has already been suggested by one of us(1) that the — 
atrophy may be the result of the fibrillation which begins soon after 
denervation. The greater oxygen use is consistent with this suggestion, 
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‘Summary. 


Bight determinations were madé on-the oxygen use of denervated 
muscles on one side of the body and of the undenervated muscles on 
the opposite side. In all cases a much greater oxygen use per gram per 
minute was found to be present in the denervated muscles. We conclude 
from this that the atrophy of denervated muscle is not solely due to 
a decreased power of repair, the breakdown remaining constant, but 
of 
the muscle substance. es 


(1) Langley. This Journal, 50. p. 339. 1916. 
(2) Verszdr. Ibid. 44. p. 243. 1912. 
(3) Barcroft and Roberts. Ibid. 30. p. 429. 1910. 
(4) Barcroft. The nt Function of the Blood (Cambridge) p. 298. 


1914. 
(5) This Journal, 45. p. 39. 1912. 
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THE INFLUENCE OF THE RESPIRATION. ON THE 
EXCHANGE OF SO, BETWEEN CORPUSCLES AND 
PLASMA AND ITS EFFECT ON THE EXCRETION 
OF SO,. By Dr 8. pz BOER. : 


(From the Physiological Laboratory of the Groningen State Taioersity) 


Tux problem of the permeability of calla is important i the general 
exchange of matter, the resorption, the transport by the blood stream 
and lymph channels and also for secretion. For a closer study of this 
problem the red corpuscles, suspended in their natural medium, the 
serum, the composition of which can be modified at will, are the most 
suitable. 

_ The conditions of permeability found in this instance must,. hie, 


not be universally applied to all other animal cells or cell complexes. 


A different structure and a different composition of the contents of 
the cell can also cause a change in the. permeability for certain ions. 
Hamburger) has pointed out that Overton was not justified in 
saying that the permeability conditions which he had found in plant 
cells were applicable to all animal cells. The question of the per- — 
meability of animal cells was first broached by Hamburger in the 
year 1889(), when he demonstrated that the red corpuscles were also 
permeable to Cl, P,O; etc. even when used in isotonic salt solutions. 
Three years later he(4) added to this statement an important account — 
of his further researches. It appeared that by adding to the blood 
small quantities of: CO, and H,SO, chlorine was transferred from the 
serum to the corpuscles and CO, from the corpuscles to the serum. 
As a result, the red corpuscles increased in size, because two Cl-ions 


had taken the place of one CO, ion. This increased the capacity of — 


the red corpuscles to absorb water, whilst phe alkalinity of the serum 
had likewise increased. 


Although the majority of physiologists hold that the red corpuscles 
are permeable to anions, a few still oppose this opinion. Thus, 


Overton@), ignoring the aforesaid researches, denies the existence of 
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the permeability of the red corpuscles to anions. Héber(é), on the 
other hand, believes that in normal conditions the red corpuscles are 
impermeable to anions and that the permeability is only produced by 

The question of the permeability of red corpuscles to cations was 
first experimentally dealt with by Gtirber(7) in the year 1895. He 
arrived at the conclusion that the red corpuscles were impermeable 
to K and Na. Héber6) arrived at the same result in 1904. Doubt 
as to the truth of this hypothesis was raised by Hamburger(s) in 
1909. In the course of a research he had made together with 
Hekmaie), he found that traces of Ca were able to increase strongly 
the phagocytosis and the chemotaxis of the white corpuscles.. The 
question arose, therefore, whether the white corpuscles could indeed 
absorb Ca from the surrounding fluid. The experiments, carried on 
to solve this question, were made on red corpuscles. It appeared that 
if small quantities of Ca were introduced into the blood, part of it 
penetrated into the red corpuscles. This research also showed that 
the corpuscles of the normal blood contained Ca. The latter fact is 
contrary to the generally accepted theory that in the blood Ca only 
occurs in the plasma (Abderhalden and Frinke)). When Ham- 
burger added to a serum corpuscle suspension 0-1-0-3 % NaCl, or 
the quantity of cane sugar isosmotic to it, the Ca percentage fell off. 

_ This falling off was greater after adding the cane sugar than after adding 
the NaCl solution. The chief cause of this passage of Ca to the cor- 
puscles was believed to be a loss of water which the corpuscles undergo 
under these conditions and by this a disturbance of the osmotic ; 
equilibrium between serum and corpuscles. 

In 1910, Hamburger and Bubanovic(10) made researches on the 
permeability of the red corpuscles to other cations. The result was 
_ that by adding 0-2°/, NaCl to the serum Na, Mg and Ca penetrate 
the red corpuscles, whilst K passes into the serum. The result of 
adding 10°, of water was that Na penetrated into the corpuscles, 
whilst K, Mg and Cs passed into the serum. The shaking of 5 vol. °/, 
CO, with blood also causes a transfer of Ca from the serum to the 
corpuscles. This’ process is intensified, if at the same time a small 
quantity of NaCl is introduced into the blood. 
aes These researches have clearly proved that Giirber’s conception is 
untenable, and that the corpuscles are permeable to both cations and 
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of those anions that are present in very small quantities, such as 80,. 
Hamburger and van Lier(11) made an elaborate research on the 
subject in 1902. 


The material for the research was defibrinated horse-blood, the corpuscles of which 
were allowed to settle. The serum was then removed and by centrifugation the serum 
still remaining was drawn off. The corpuscles were subsequently washed in an isotonic 
grape sugar solution (4:15%/,). This was repeated four times, after which the “grape 
sugar corpuscle suspension” was found to be neutral, and to be free from albumen 
and CL The suspended corpuscles were then divided into two parts. One part 
was shaken with CO,, the other was not. Then the two corpuscle suspensions were 
centrifuged in glass tubes, closed off by rubber stoppers, and equal quantities of grape 


sugar drawn off and replaced by a Na,SO, solution. Then the volume of the 


in the grape sugar—Na,SO,—corpuscle suspension that had been treated with CO, and the 
one that had not been thus treated, was determinated, further, the alkalinity of the 
fluids, in which the corpuscles had been suspended, and finally the sulphate percentage 
of the suspension fluids, In this latter determination, account was taken of changes 
of volume which the corpuscles might have undergone under the influence of the CO, 
treatment. The determination of the volume of the corpuscles showed that the treatment _ 
with CO, had caused a decrease of the volume. 

By titrating with 1/20 normal HNO,, the alkalinity of the two suspension fiuids 
was determined. The quantity of HNO,, which, added to the two suspension fluids, 
gave the least trace of acid reaction with litmus paper defined the alkalinity. ‘It 
appeared that by treatment with CO, the alkalinity of the suspension fiuid had 
strongly increased. The determination of the percentage of Ol contained in the 
suspension fluid also showed that this had increased as a result of the treatment with | 
CO,. The SQ, percentage of the suspension fluid was determined after a somewhat 
modified Wildenstein’s method. BaCl, was gradually added to the neutralised fluid, 
until the filtrate was absolutely colourless. For this, 2-925 0.c, was needed for 56.0, 
of the fluid containing CO, , and 3-55 o.¢. for the normal fluid, and corrected for the change 
in volume of the corpuscles, causing the change in volume in the fluid. It appeared then 
that by the treatment with CO, , SO, had penetrated into the corpuscles. 


The experiments of Hamburger and van Lier showed that when 
blood corpuscles, which have been treated with CO,, are brought into 
contact with Na,SO, solution, the latter becomes alkaline and contains 
Cl, whilst, on the other hand, SO, passes into the corpuscles. They 
considered it to be beyond doubt that normal corpuscles behave in 
the same way. | 

The process of the transference of ions from the suspension fluid 
to the corpuscles is reversible; if the fluid is shaken with air the SO, 
and NO, ions return to the suspension fluid. : 

Overton has criticized these results on the ground that the pre- 
liminary saturation with CO, in all probability injures the corpuscles 
and modifies their permeability. ) 

The criticism is certainly not justified. Hamburger and Buba- 
novie pointed out that similar results were obtained, if NaNO, was 
| 14—2 
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van Lier showed that the addition of small quantities of CO, (5.c. 
to 40 c.c. corpuscle solution) was sufficient for NO, to penetrate into 
the corpuscles and for CO, and Cl to be transferred thence to the sus- 
: pension finid. Further the addition of NaNO, to a normal corpuscle 
suspension not treated with CO, , caused CO, and Cl to pass from the 
corpuscles to-the plasma. If thereupon the corpuscle suspension was 
shaken with CO, , CO, and Cl again passed from the corpuscles and NO, 
from the suspension fluid back to the corpuscles. Lastly the experi- 
ments of Hamburger and van der Schroeff(12) prove that the physio- 
logical limit after the introduction of CO, has not been exceeded. These 


- investigators repeated the same experiments with leucocytes and 


obtained similar results. It was found that the tes 


lost their phagocyte capacity by the treatment. 


of the red corpuces to by new method 
for determining 8Q,. 


7 wee there is little doubt as to the permeability of the ‘et 

coxpensiae to 8O,, to study the problem again along different lines is 
not without importance. For it has still to be shown that washing 
_ with a grape sugar solution had not changed the corpuscles. The blood, 
therefore, was used pure, with the addition of a slight quantity of a 
Na,SO, solution. This method requires, however, an exact quanti- 
tative determination of extremely small quantities of SO,. This can 
be made by the micro-volumetric method, my published by 
Hamburger(i3). 

Method. As material for this research I selected: horse blood, 
because the corpuscles settle quickly. The blood was defibrinated 
and subsequently filtered through gauze and filter paper. As has 
already been stated, it was a question. of finding out whether SO, 


passed from the serum into the corpuscles when the blood was treated 


with a quantity of carbonic acid within the physiological limits. 

Part of the blood was treated with CO,, whilst another part was 
_ not, The quantity of carbonic acid was 15°/, to 20°%/, of the volume. 
_ I state emphatically that by this treatment the serum was never stained 
red and that the treatment with CO, caused very little difference in 
colour from the normal arterial blood; it was slightly, but only very 
slightly darker. There can be no doubt but that the blood shaken 
with CO,, as used in my experiment, was far less venous than that 
m vivo, and, therefore, did not exceed the physiological: conditions. — 
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Subsequently, the blood was centrifugalised in closed tubes; the serum _ 
removed and its SO, percentage ascertained. This was done by sub- 
jecting the serum to. an ultrafiltration through a 5°/, celloidin filter 
- ander-a pressure of five atmospheres; during the ultrafiltration it was 
continuously shaken in a shaking machine. In the absolutely clear 
and colourless ultrafiltrate, the SO, was then determined. 

This was carried out Hamburger’s 
method (13). 


The following particulars of this method may be given, Into a thick glass tube is 
placed 5 c.c. of the fluid to be examined (in this case the absolutely clear ultrafiltrate). 
To this is added 2} 0.c. concentrated HCl 1:1: Inside this tube a narrower tube is 
inserted, tapering off so as to allow the small tube to be held by a cork in the wider tube. 
Before the narrow tube is introduced into the wider one, it is filled with 50.0. of a 
2-44°), solution of BaCl, 2 aq., and five drops of aceton.. When this small tube filled with 
the reagent has been fixed in the wider one, the mixing takes place. A precipitate is 
formed of BaSO, , which is transferred to the chonohwmatocrite (calibrated funnel-shaped 


'  tabe), in the manner described by Hamburger, in which after centrifuging, the volume 


to 0-000294 gr. of SO,. 


Suppose the serum of the blood that has ‘been sovaica with CO, 
produces less SO, than the original serum, it will not do simply to conclude 
from this that by the action of CO, , SO, has passed into the corpuscles, 
for the possibility is to be considered that under the action of CO,, 
the blood corpuscles have secreted water that has passed into the serum, 
thus diluting it. The possibility must also be considered that an 
influence in inverse order has been brought to bear, namely, that under 
the influence of CO, the corpuscles swell at the expense of the water 
of the serum, whereby the latter is concentrated (14). 

Under these circumstances a passage of 50, to the corpuscles sional 

be covered by the SO, determination, that is, it would not come to 
expression, nay, even the reverse would seem to be the case. 
In view of these considerations the relative’ volume of corpuscles 
and serum of both the normal and the CO,-blood was determined. | 
For this purpose, 0°08 c.c. of blood was measured off into a long 
capillary pipette and introduced into a chonohematocrite. Figures 
from parallel experiments will show the absolute correctness of this 
method. 

There is another consideration. As the quantity of 80, in the 
serum (ultrafiltrate), is very slight, and, therefore, the absolute differ- 
ences brought about by the CO, could not but be slight in their turn, 
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intentionally added. In this way the differences brought about by 
CO, could be considerably increased. 


L 


blood was treated with CO, , 20 vols, per 80 vol. blood (20 vol. p.c.). 


_ @ Relative volume of corpuscles and serum. 


008 cc. cubic mm. blood Vol. of corpuscles _ 
Normal blood, to which 10 vol. pe. of 52 
2% NaBO, 10 aq, solution has been 
added 
"The same blood, but shaken with 20 vo 52 
p.c. of CO, 51 
51} 


It follows from this experiment that the volume of the corpuscles 
has not materially changed under the influence of the CO,. 


80, tn the she tht bas been with 00, 
eo and of the blood that has not been so treated. 7 


Height of the BaSO, 
25 ¢,c. cub. mm. ultrafiltrate the heematocrite 
Ultradiltrate of blood mixed with 10 vol. okey 
NaSO,10aq.2% 
8l 
of the same blood, but shaken Nl, 


treated with a physiological quantity of CO,, 80, loaves the serum 
and enters the corpuscles. , 
In the second series of experiments the quantity of horse blood was 
divided into four portions, 1,2,3and4. 
Portion 1 was left unchanged. 
Portion 2 was shaken with 20 vol. /, of CO,. 
Portion 3 was mixed with 10 vol. °/, of Na,S8O, 10 aq. 
_ Portion 4 was mixed with 10 vol. °/, of a 10 aq. 2% and also 
shaken with 20 ~ %, of 00,. 
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Sunres IT, 
he Relative volume of corpuscles and serum. 
0°08 ¢.c. cub. mm. blood Vol. of corpuscles 
Normal blood 64} 
634 
Normal blood shaken with 20 vol. p.c. of 674, 
a 68 
Blood mixed with 10 vol. of N 66 
10 09. 2%. 
Blood mixed with 10 vol. p.c. of Na,S0, 68 : 
10 aq. 2°, and thereafter shaken with 20 624 


| Evidently: i in the blood impregnated with sulphate, in 
with the experiments made by Hamburger and van Lier, the volume 


this later. 


80, (1) ofthe ofthe proprain of ood with : 


Height of the BaSO, 

250.0, ultrafiltrate of blood mixed with 

vol, p.c. of Na,SO, 10 aq, 2%,. 92 

26.0.0, ultrafiltrate of blood mixed with ast} 
10 vol. p.c. of Na,80, 10 aq. 2°/,, which 86 


is afterwards shaken with 20 vol. p.c. 
It is thus seen that in the serum filtrate of the blood, to which 
SO, has been added and that has been treated with CO,, the quantity 


of SO, is smaller than in the corresponding ultrafiltrate of the blood 
_ that has not been so treated. But it appears from the determinations 


of the volume that the serum has been somewhat thinned. The volume 
of the corpuscles of blood containing 0-08 c.c. cub.m. of sulphate was 654 | 
divisions of the hematocrite, of which the calibrated part, which is — 
divided into 100 parts, represents 0-04 c.c.cub.m. The volume of the 
serum is, therefore, 200 — 654 = 1344. Just the same, after 

with CO, , the volume of the serum becomes 200 — 62} = 1373. 
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Without the thinning of the serum the height of the BaSO, columns, 
after shaking with CO,, would have amounted to | 


137-25 
| x 1345 = 87-75 
divisions of the hsematocrite. 


Suares 
: 80, determinations of the ultrafiltrate of normal blood. 


Height of the Ba80, 

Fluids of the heematocrite 

- . §0c.c. ultrafiltrate of normal blood | 39 
50 c.c. ultrafiltrate of blood shaken with 
20 vol. p.c. of CO, 334 
40 c.c, ultrafiltrate of normal blood ee 33 
40 c.c. ultrafiltrate of blood shaken with 
20 vol. p.c. of CO, 28 


The experiments with blood, to which no Na,S8O, has been 


added, show that SO, passes into the corpuscles under the 
influence of OO,. 

‘These experiments render it possible, and that. for the 
first time, to fix in a simple manner the quantity of 80, 
present in normal blood serum. This calculation is made in the 
following manner. 

Hamburger determined the height of the barium sulphate columns 
that correspond with known quantities of a known Na,SO, solution. 
‘He found that 2¢.c. Na,SO, 10 aq. of 2°, produced a quantity of 
barium sulphate precipitate of 41 divisions of the hematocrite, so 
that one division corresponded with 0-000294 gr. of SO,. 


Now 50 c.c. ultrafiltrate of normal blood gave 39 divisions of BaSO,, 
which corresponds with 39 x 0-000294 gr. of 80,. 100c.c. of the ultra- 


‘filtrate thus produce 2 x 39 x 0-000294 gr. SO,. However, 100 c.c. 


of the ultrafiltrate do not correspond with 100c.c. of the serum, but — 


with more, seeing that the volume of the albumen is about 8°,. To 

find, therefore, the amount of SO, in the serum, the aforesaid result 

is to be multiplied by 100 + 108. Thus, 100 ¢.c. of serum contained 
100+ 108 x 2 x 39 x 0-000294 = 0-02123 gr. of 8O,. 


The serum, therefore, contained about 0-0212 %/, of 8O,. 


The reader must have observed that in the first series of experiments 


the CO, left the volume of the corpuscles of the Na,SO, blood -un-— 
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not. The cause, to my view, lies in that we have in both cases to deal 
with @ complicated process and the corpuscles do not necessarily ere 
in absolutely the same manner, quantitatively, in the two cases. 

As Hamburger has found (l.c.) Cl under the influence of CO, 
passes from the serum into the corpuscles, and this, according to him, 
happens for the following reasons. Under the effect of CO, on blood, 
new carbonates are formed, in the corpuscles more so than re the serum. 
Thus, a surplus of CO,-ions is formed in the corpuscles. These change 
places with part of the Cl’-ions of the serum; if two Cl’-ions enter the 
corpuscles, for every CO,-ion that passes out, the result must be an 
increase of the osmotic pressure of the contents of the corpuscles, and, 
consequently, absorption of water and swelling. 

If now SO, is present in the serum, this also can change places with 
part of the CO;ions, but in this process, as Hamburger has demon- — 
strated by various methods of research(15), there is neither swelling nor 
shrinking of the corpuscles, because both are bivalent. 

It is quite a different matter, however, if in addition there is an 
exchange of Cl-ions in the corpuscles and SO,-ions outside them. This 
exchange will cause a shrinking of the corpuscles. If now the swelling 


~ eaused by the exchange of CO,-ions for Cl-ions is esantoaed to this 


decrease 1 in bulk, the volume remains stationary. . 


| 

1. If @ quantity of CO, within the physiological limits (15-20 vol. 
p.c.) is caused to act on blood, SO, leaves the serum and thus 
must have passed into the corpuscles. This transfer is not only found 
in the case of the but the 
SO, that has been added to it as Na,SO,. 

2. These results were arrived at by comparative sunetibanive SO, 
determinations in the ultrafiltrate of the sera of blood that had been 


"treated with CO, and of blood that had not been so treated. 


3. The results arrived at in Series I confirm those previously obtained © 
by Hamburger and van Lier, when they caused Na,SO, to act 
on corpuscles that had been washed with grape sugar. Then also SO, 


passed into the corpuscles, and in greater quantities when the 


had been treated with CO,. 

4, The researches here described were possible, because I could 
make use of ultrafiltrates (Bechhold) and of the method to determine 
quantitatively — lines small volumes of 
(Hamburger). 
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5. This also rendered it possible for the first time to determine 


quantitatively in a simple manner the 80, percentage of the serum 
(0-02123 %/,), an amount that is likely to vary in the case of different 
animals and more particularly in different periods of feeding. 

6. .The chief significance of the 80, exchange between corpuacles 
and serum lies in the promotion of the removal of SO, from the body. 
For, when the blood passes through the capillary vessels, the CO, that 
has been formed in the course of the oxidation, will cause the SO, in 
the blood plasma to pass partly into the corpuscles, and thus the way 
has been paved for the passage of a fresh quantity of SO, from the 

tissues into the capillary vessels. 
| The corpuscles charged with SQ, pass into the lungs, and sales the 
influence of oxygen transfer to the plasma the 80, that has been absorbed 
by the capillary vessels of the tissue. The plasma, which has thus 
received an additional quantity of 80,, passes through: the kidneys 
and there releases some of the 8O,, and now in a more ample measure 


than would have been the case if the SO, percentage of the plasma had 


been smaller. 


We have, therefore, to deal with another example of an extremely 


adequate rhythmical influence of the respiratory exchange of gases, 
such as: was for the first time represented by Hamburger in 1892-4. 


In conelusion I wish to express my grateful regards to Professor — 
Hamburger for the hospitality extended to me in n his eahoretary and 


his encouragement in these researches. 
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THE MECHANICAL EFFECT OF FLUID IN THE PERI- 


CARDIUM ON THE FUNCTION OF THE HEART. 
By YAS KUNO. 


Tug fact that a rise of pressure in the pericardial cavity produces a 
diminution in aortic pressure is well known. Experiments on this 
point were carried out by Cohnheim@), Frangois-Franck@), 
Lewis() and others and it was found that an intrapericardial pressure 
which is a little above the venous pressure may hinder the diastole 
of the auricle and obstruct the venous supply to the heart. Lewis 
used in his researches a rather small intrapericardial pressure and found 
that a slight rise of intrapericardial pressure was accompanied by a 
distinct fall of systemic pressure. In order to throw more light on 
this relation, and also, if possible, to find some method to recover the __ 
heart’s action under a high intrapericardial pressure, I have made 
the experiments given below. | 
Method. Most of the experiments were carzied out on the heart- 
lung preparation on dogs. A small T-tube of metal was made for the 
special purpose of introducing the fluid into the pericardial cavity. 
This tube has a length of 3-5 cm. and a bore of 2mm. One end of 
this tube is furnished with a small thin oval flange with a diameter of 
about 8mm. A disc which is of just the same size as the flange 
moves round the tube and may be pressed against the flange by means — 
of @ screw. A small hole was made on the front aspect of the peri- 
cardium, Through this hole the flange was introduced, the disc was 
then pressed against the flange so that the pericardium was fixed 
water-tight between these two discs. One of the ends of the tube 


4 was connected to a mercury manometer and the other end to a glass 


T-tube’ by which this end is connected with an injection syringe of 
10 ¢.c, and a vessel filled with Ringer’s solution at 37°C. Ringer’s 
solution was first sucked up into the injection syringe, then allowed — 


a _ to flow into the pericardium under pressure. Instead of the syringe 
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YAS KUNO. 


I sometimes used a vessel filled with Ringer’s solution hanging from 
the ceiling. The head of water could be changed by pulling the vessel 
up OF down. The pressure in the pericardial cavity, in the aorta, and 


in the vena cava were recorded cenapoiecsrena he The output was 


measured in the ordinary way. 


y. The effect of fluid in the pericardium on the output, the 
arterial pressure, and the venous pressure. — : 


_ In the pericardium there is normally a certain amount of fluid. The 
intrapericardial pressure is in the heart-lung preparation almost zero 


when the venous supply to the heart is moderate. It becomes however - 


distinctly positive when the venous supply is large. In my experi- 
- ments I started usually with pressure at zero. It was sometimes 
necessary to suck away a small amount of fluid (1-2 c.c.) in order to 
bring the pressure to zero. Any inflow of fluid, even so small an 
amount as 3-5 c.c., causes more or less increase of intrapericardial 
pressure, and at the same time an increase of venous pressure, and a 
decrease of the output of the left ventricle. With small amounts, 
_ the arterial pressure changes hardly at all or only slightly, but a re- 
markable decrease appears when the fluid allowed to flow into the 


Taste I. Weight of heart 42 gms, Pulse rate 130-142 per minute. 


(mmHg) (ee) (mm Hg) 
I. Height of venous reservoir 9 cms. 
0 507 
10 422 
24. 320 
28 953 
3-6 163 
6-1 12-8 
0 
Height of venous reservoir 24 oms. 
0 
72 . 
800 
1146 592 
130 
136 
41 
0 
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pericardial cavity reaches a rather large amount. With continued 
increase Of fluid in the pericardium all these effects become more con- 
spicuous, and at last the heart ceases to expel any blood at all. 

A. Effect on the output. The rate of decrease of output by intro- 


- ducing fluid into the pericardium is very regular. Table I and Fig. 1 


show one example of such experiments. 


As I showed in my previous experiments(4), the existence of the 


~ 


| 


As 90 95 30 35 40 45 
oF Purid. im pericardium (ce.) 
Fig. 1. (Table I) Thick lines: height of venous reservoir 9 cm. Thin lines: 24 om. 
_-P.P.: Intrapericardial pressure. ©.P.: output of the left ventricle. 


although the venous supply to the heart be moderate so that the heart 
works with a rather small volume. Thus it is no wonder that a small 
amount of fluid in the pericardium affects the output. ‘This decrease 
of output by inflow of fluid may be due to the increased resistance to 
diastole of the heart. — 

B. Effect on the arterial pressure. It is worthy of note that the 


"arterial pressure falls only slightly by introducing fluid into the peri- 
. cardium until the fluid reaches a certain amount. Any further addition 


3 
2 
a 
a 
0 46 
100 44 
Am 
ay 
# 
3 
500 40 
q 
q 
4 
Bs 
a 
Wick: 
_ 
a0 
ay 
i 
4 
aa 
4 
i 
ps 
= 


beyond this amount, however, causes a remarkable fall in arterial 


pressure. Table IT and Fig. 2 a and 6 which were obtained from a 


heart of 50 gms. show this relation. In Fig: 2a (height of venous 
‘reservoir 13‘5cm., output 810¢.c. per minute), the arterial pressure 
_ fell only from 87 to 73 mm. Hg by an increase in the amount of fluid 
in the pericardium from 0 to 40¢.c. By a further addition of 5 c.c. 
of fluid ‘the arterial pressure fell suddenly from 73 to 53 mm. Hg, and 
by another addition of 5 o.c. of fluid to 36-2 mm. and at last to 27-5 mm. 
through another 5 c.c. of fluid. The heart now ceased altogether to 
expel blood. This was also the case in Fig. 2b (height of venous reser- 
voir 27 cm.). The increase of fluid in the pericardium from 0 to 50 c.c. 
caused a fall of arterial pressure from 95-2 to 76-7 mm. Hg. By further 
additions of 5c.c. of fluid at a time the arterial pressure changed 
remarkably, namely to 67-5, 44, and 27 mm. Hg. The arterial resis- 
tance was placed at a height of about 45 cm. above the heart so that 
a column of blood of just the same height was always pressing on the 
aorta. The recorded arterial pressure therefore remained at a height 
of about 27 mm. Hg when the heart ceased its action. - 


Weight of heart 50 gms. Arterial resistance 45 mm. Hg. 
— 


I. Height of venous reservoir 13-5 oms. 
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Fig. 2a, (Table IT) Height of venous reservoir 13-6em. V. 
arterial 


> P.: venous pressure. A.P.: 
pressure. P.).: intrapericardial pressure. Figures in brackets indicate 
the amount of fluid in the pericardium. 


_ > Fig. 26, (Table II) Height of venous reservoir 27 om. 


j 

y nj 
x is 

he 3 ~ 
3 
{ 

Ache! 
‘ 
a. "Ea 
Be 
g 
ler 
#4" 
4 
< 
+ 
ig 
= 
an ¥ 
ot 
2 
Ae 
ag 
: 
2, 
3 
= 
4 
The 


The amount of fluid beyond which-any addition causes a remarkable 
fall of arterial pressure, and also the amount by which the heart ceases 
to-expel any more blood, ce synoptically shown in Table Til. 


Taste III. 


ei Height of effecting 
= 
(gms. ) (cms, circulation pressure 
42 
42 
28 


arterial pressure is rather small until the fluid in the pericardium 
reaches about 70 °%/, of the amount by which the heart ceases to .expel 
any more blood. Any further increase of fluid exerts a very remarkable 
influence on the arterial — which msy be dangerous during 
normal life, 


The relation the of the output and the height of 


the arterial pressure depends on the distensibility of the vessels although 
all other important conditions should be eliminated. It is thus of 
- course incorrect to estimate changes in arterial pressure from the results 
of experiments in the heart-lung preparation in which the blood flows 
through arterial rubber tubes. I therefore carried out some experi- 
ments on animals with open thorax. Fig. 3 shows one example. This 
figure was obtained from a dog of 4-8 kilos (weight of heart 31 gm.). 
- On account of the thorax being open the arterial pressure was rather 
low. The rate of decrement of arterial pressure is shown in Table IV. 


The relations are on the whole the same as those in the heart-lung 


preparation although the effects of a moderate amount of fluid are more 
distinct.in the normal animal than in the heart-lung preparation. 

In the researches in which he only used low air pressure for increasing 
the intrapericardial pressure, Lewis determined that on an average a 
rise of the pressure of 1 mm. Hg was accompanied by a fall of systemic 
pressure of 8'mm. Hg. He also noticed that this ratio often tends to 
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increase slightly when relatively low pressures were employed. As is 
obvious from Tables, I, II and IV, the ratio of fall of arterial pressure 


to imerease of intrapericardial pressure is, in my er — 
Taste IV. 


ig. 3 (Table TV) Experiment on the intact animal with open thorax. —— 
| in brackets indicate the amount of fluid in the pericardium. 


not so large when relatively low pressures were employed, namely a 
rise of intrapericardial pressure of 1 mm. Hg was accompanied by a 
fall of arterial pressure of 1-5-4 mm. Hg. This ratio becomes distinctly 
larger when high pressures are used, namely by a rise of intrapericardial 

pressure of 1 mm. Hg the arterial pressure fell 20-30 mm. Hg 


2. The amount and the pressure of fluid in the pericardial 
-. eavity which may stop the circulation of the blood. 


When the venous supply to the heart is moderate the rise of intra- 


3 pericardial pressure by addition of. at into the pericardial cavity is 
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at-first small but later on it becomes large. In case of the venous 
supply being large, the inflow of even a very small amount of fluid 
such as 3-4 c.c: causes already a distinct increase in the pressure and 
further increases are almost the same as with the moderate venous 
_ supply. These relations can be found in Fig. 1 and also in Table iI. 


| The height of intrapericardial pressure at which the heart ceases to | 
expel blood varies within very wide limits and corresponds to the height — 


of the venous reservoir. The height of intrapericardial pressure, of 
venous pressure, and of venous reservoir, were all three almost the 
same when the blood circulation was brought to a standstill. For 


¢ 
‘Fig. 4. “Influence of increasing venous pressure. V.R.: venous reservoir. 


example in Fig. 2a, height of venous reservoir 13-5 cm., venous pressure 
136mm. water, and intrapericardial pressure mm. Hg. 

If the circulation be first brought to a standstill through the intro- 
duction of a certain amount of fluid into the pericardium and then the 
‘venous reservoir be raised so that the blood will be driven to the heart 


under increased pressure, the heart begins to act again and the arterial 


pressure rises to about normal height. Fig. 4 shows these facts. The 
figure was obtained froma heart of 45 gm. At the beginning of the 
experiment the venous reservoir was kept at a height of 10cm. The 
fluid was run into the pericardium. When the intrapericardial pressure 
reached 8:5 mm. Hg the arterial pressure fell rapidly. At the first 
arrow, the venous reservoir being raised to a height of 22 om., the 
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_ of one experiment: 
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arterial pressure began at once to increase to 80 mm. Hg. The intra- 
pericardial pressure was now raised to 20 mm. Hg by addition of fluid 
and the arterial pressure fell to 37 mm. Hg. But from this decrement — 
the arterial pressure was again restored by raising the venous reservoir 
to 30 cm. (at the second arrow). 

From the above results it is evident that the cause of the arrest of 
the circulation is the hindrance to the venous inflow, which the fluid 
surrounding the heart causes. The amount of fluid in the pericardium 
when the circulation ceases varies according to the size of heart. Even 
in the same heart this amount is not fixed but varies according to cir- 
cumstances and especially depends on the venous supply. Ifthe venous 
supply to the heart is large the heart. receives more blood during its 
diastole. The volume of the heart therefore increases and the peri- 


cardial cavity must be diminished. In spite of these facts a greater 


amount of fluid may be introduced into the pericardium without stop- 
ping the circulation when the venous supply is large than when it is 
small. In Fig. 1 at the standstill of the circulation, the amount of 
fluid in the pericardium was, at a height of venous reservoir 9 cm., 
35 c.c. and at that of <eppeptiagones This relation will be found also 
in Tebles II and IIT. 3 


3. Effects of adrenaline, 

| According to the results above described, the prtocial pressure an 
remain rather high although a certain amount of fluid) exists in the 
pericardium. If the amount of fluid increases beyond a certain limit 
its remarkable influence on the arterial pressure occurs. The arterial 
pressure is then-no longer high enough to produce a normal circula- — 
tion. In order to restore the blood circulation from this condition, 
apart from removing the fluid, there are two ways, 1.e. a rise of venous 
pressure or enlargement of the pericardial cavity. If this cavity be 
enlarged a little the pressure in it will fall and the arterial pressure 
may rise appreciably. 

It is well known that the adrenalinised heart may act with a very 
much increased frequency and expel more blood. The volume of the 
heart is thereby much diminished. It is possible that this diminution ~ 
in volume may enlarge the pericardial cavity and lower the pressure 
in it. I have therefore carried out experiments to compare the influence © 
of fluid in the pericardium.on the function of the heart before and after 
application of adrenaline. The shows the 
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230 YAS KUNO, 
Dog, weight of heart 17 gm., height of venous reservoir 24 om, Output 900 o.c. 2 
per minute. By inflow of 22.c.c. of fluid into the pericardium the heart ceased to expel Bes | 
blood. The intrapericardial pressure thereby was 225 mm. Hg. 0-1 mg. of adrenaline ag 
was added into the venous reservoir. The output now increased to 1040 c.c. per minute. 
After allowing 22 0.0. of fluid to flow into the pericardium the arterial pressure sank from 
-112+t084mm. Hg. By increasing the amount of fluid to 28 o.c. the ciroulation was stopped. 
The intrapericardial pressure thereby was just the same as before, namely 22-5 mm. Hg. 


If a certain amount of fluid was introduced into the pericardium, 3 
_ go that the arterial pressure was lowered considerably, and then adrena- | 
line was given to the heart, the heart expelled more blood than before 


\ 


Wig. 6. Influence of adrenaline. 


and the blood circulation became more vigorous. Fig. 5 shows one 
> example of such experiments. This figure was obtained from a heart a 
of 26 gm. The venous reservoir was kept at a height of llem. By e 
inflow of 25 ¢.c. of fluid into the pericardium the arterial pressure fell —_ | 
from 89 to 75:5 mm. Hg, the output was decreased from 810 to 56:c.c. s 
per minute. At the arrow 0-1 mg. of adrenaline was added into the | 
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FLUID IN PERICARDIUM. __ 231 
venous reservoir. The arterial pressure now rose to 82 mm. Hg and 
the output to 205 c.c. per minute. The venous pressure and the intra- 
pressure fell slightly. 

4. Eazperiments on animals with open thoraz. 
The results of the above experiments on the heart-lung preparation 


show that-either the increase of venous supply or the application of 


adrenaline may restore the blood circulation which was hindered through 


‘the fluid present in the pericardial cavity. We shall see now whether 


these results are applicable to intact animals. 

‘The venous pressure in the heart-lung preparation corresponds to — 
the distending force of the blood on the auriculo-yentricular walls in 
intact animals. This force is caused by the difference between the 
pressure in the thorax and that in the other parts in the body, e.g. the 


’ Fig. 6. Influence of infusion. 


_abdomen. where the great veins lie. Although this force may be some- 


what changed by several conditions, the chief one is the negative pressure _ 
in the thorax, and it is therefore hardly possible to raise this difference 
between the pressures much beyond the normal limit. It is also 
difficult to raise the pressure in the veins appreciably by any artificial 
means. Although a large amount of blood be infused into the vein 
the pressure in it undergoes no change or rises only temporarily. There 
is thus less hope of recovering the blood circulation interrupted by — 
fluid surrounding the heart by raising the venous pressure in intact — 


animals. Fig. 6 which was obtained from a dog with open thorax 


shows one example of infusion. The height of arterial pressure in 
this animal was 103 mm. Hg. By allowing 45 c.c. of fluid to flow into 
the pericardium it sank to 32-5 mm. Hg. At the arrow 200c.c. of 
— solution were — into the femoral vein. The arterial 
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pressure became regular but did not rise whereas the oe ae 
pressure rose considerably. This means that the volume of the heart 
increased by the injection of Ringer’s solution, but the distending 
force of the blood flow on the heart did not rise"high enough to exceed 
the pressure surrounding the heart. 
Adrenaline, if the dose is not very large, diminishes the volume of 
the heart in intact animals as in the heart-lung preparation. As a 
rule, when there is a rise in the arterial pressure there is a fall in the 
venous pressure. As regards the effect of adrenaline, however, this is" 
not the case. The contraction of the blood vessels evoked by adrenaline 
is most distinct in the arterial system so that a large amount of blood 
might escape into ee veins. The pressure in the veins does not there- 
fore fall, on the contrary it rises more 
or less during action of the adrenaline 
although the heart works extremely 

energetically. Fig. 7 shows one example. 
In this experiment the pressures in the 

' carotid, the vena cava superior, and the 
pericardial cavity were recorded. At 
the arrow 0-1 mg. of adrenaline was 
injected into the femoral vein. The 
venous pressure rose from 8 to 10 mm. 
water during the increase of arterial 
pressure. The pressure 
fell slightly. 

The diminution in the volume of the — 
heart and the increase of venous pres- 
sure may both favour the action of a 
heart compressed by surrounding fluid. 
We may therefore expect that the in- 
Fig. 7. Influence of adrenaline in /°Ction of adrenaline in the intact animal 

the intact animal. may recover the blood circulation which 
was weakened through the: pressure of 
fluid in the pericardium. In order to examine this possibility, I allowed 
the fluid to flow into the pericardium so far that the circulation was 
not yet stopped but continued with a much impaired vigour. The 
arterial pressure sank generally to }-} of the normal height. Adrena- 
hne was then injected into the femoral vein. One example of such 
experiments is given in Fig. 8. This figure was obtained from the same 
heart as Fig. 6. The figures above the curves indicate the amount of 
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fluid present in the pericardial cavity. At the first arrow 0-1 mg. of 
adrenaline was injected: The arterial pressure rose considerably and 
the heartbeats became regular. At the second arrow more fluid was 
run into the pericardium so that the arterial pressure sank again. JWe 
observe some difference in the amounts of fluid by which the blood 
circulation was stopped, before and after application of adrenaline, 
namely, before adrenaline 45 c.c. and after adrenaline 50¢.c. From this 
result we may conclude that the injection of adrenaline has a noticeable 
effect in such cases. 


Fig. 8. Influence of adrenaline in the intact animal with fluid in the pericardium. 


‘Summary. 
In the heart-lung preparation, and also in animals with open thorax, 


Ringer’s solution was allowed to flow into the pericardial cavity under 


1. A very small amount of fluid in the pericardium causes diminu- — 
tion in the output of the heart. By further addition of fluid the output — 
diminishes regularly. 

2. The arterial pressure changes only slightly until the amount of 
fluid in the pericardium reaches a certain limit. Beyond this limit 
the addition of a small amount of fluid causes a distinct fall of arterial 


‘pressure. 
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3. The height of intrapericardial pressure which brings the cir- 
culation of blood to a standstill is just the same as that of venous 
pressure. If the venous pressure be raised during the standstill of 
the circulation, the blood-flow is restored. 

4. In the intact animal, it is very difficult to raise the venous 
pressure by injection into the veins. An infusion of a lange amount of 
blood causes no rise of venous pressure nor dilatation of the heart, 
or only a brief one. Such an infusion is therefore of no advantage to 
the circulation when this is hindered by sess of fluid surrounding 

the heart. 

} 5. Adretisline diminishes the volume ‘of the heart; the intra- 
pericardial pressure may therefore be decreased. In the intact animal, 
it causes also a slight rise of venous pressure. It therefore affects 
very favourably the heart when compressed by fluid surrounding it. 
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THE NUTRITIVE VALUE OF MARGARINES AND 
BUTTER SUBSTITUTES WITH REFERENCE TO 
THEIR CONTENT OF THE FAT-SOLUBLE ACCES- 
SORY GROWTH SUBSTANCE. By W. D. HALLI- 
BURTON anv J. C. DRUMMOND. | 


@ tha Concer Hovpitel Ressorch 
“Institute and the Physiological Laboratory, King’s College, London.) 


Tux ‘present paper deals in detail with the results of the completed 
research, and to a slight extent modifies some of the conclusions 
announced in our earlier preliminary statement 

The great changes which the theories of the science of nutrition 
have undergone in the course of the past few years, are now being 
rewarded by valuable practical applications of laboratory results to 
the great’ problems of animal nutrition, and the national welfare. Such 
a problem is that which deals with the determination of the relative 
value as foodstuffs of dairy butter and its numerous substitutes. 

The presence of a growth promoting accessory substance in associa- 
tion with certain naturally occurring fats was initially described by 
McCollum and Davise@), and by Osborne and Mendel@). Since 
then, a considerable amount of work has been devoted to the subject, 
and although our knowledge of the substance itself is, as yet, scanty 
we are in possession of certain information as to its occurrence. It is 
present in butter(,3), butter fati,3), butter oil(), egg yolk@, 4), cod 
liver oil (5), the lower melting point fractions of beef fat(6), and kidney 
and heart fat(7). On the other hand it is apparently absent from the 
majority of oils of vegetable origin, since olive oil@, 8), almond oil (5), 
corn oil; sunflower seed oil, bleached cottonseed oil and linseed oil (8) 
. were unable to replace such a fat as butter in the experimental rations 
used. The only animal fat as yet found to be entirely deficient in the 
substance is lard (2, 4). 

As regards the nature of the substance itself, our knowledge is 
very small. Osborne and Mendel(®) found that it resists treatment — 
with steam, a result confirmed by the work of McCollum and 
Davis(0), who found it present in the ether extract of boiled eggs. 
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It is apparently able to withstand the process of hydrolysis of the 
accompanying fat, for McCollum and Davis@l) were able by this 
means to devise a method for transferring the active substance to 
a fat originally deficient in it. Osborne and Mendel(z) find that 
storage of butter for considerable periods does not markedly affect 
the accessory substance, but that butter-oil may entirely lose its 
content of the active substance when stored for a year. The accessory 
substance is apparently soluble in alcohol (Stepp3, 14), Hopkins(5), 
McArthur and Luckettaé, Osborne and Mendel(6), 
but it is not always present in ether extracts of substances originally 
- containing it. On the one hand it is found in the ether soluble portions 
of eggs and butter (0), whilst on the other, the ether extracts of many 
. vegetable products known to be rich in the product are not always 
active, as has recently been shown by McCollum, Simmonds and 


Pitz (8). It has frequently been suggested that the substance is a 


_ member of the class of lipoids(3, 14), and this view has found a con- 
siderable number of adherents. A recent theory (8) regards the accessory 
substance as being held in some form of chemical union in the plant 
| cells, thus accounting for the failure of ether to extract it. This union 
is broken during the assimilation of the plant food-stuff by the animal, 
and since the active substance is readily soluble in \ fate it forthwith 
accompanies them into the animal body. 

The object of this research was to determine to what extent the 
numerous butter substitutes at present on the market possess the 
- fat-soluble accessory growth factor. There has recently been an 
enormous increase in the consumption of various forms of substitutes 
for. butter. Naturally this increase has been greatest amongst those 
classes of the population which have felt most keenly the severity of 
the rise in the price of butter. At the same time, there is always a 
large proportion of the community who even in normal times cannot 
afford to purchase butter, and who, therefore, consume in its place the 
cheaper product margarine. In the light of these facts it becomes a 
point of vital importance to ascertain whether one is in reality buying 
| : product which is the equivalent in nutritive value to the higher priced 

utter. 


For the purposes of this investigation we have roughly. divided 
the butter substitutes into three classes. 
Animal fat margarines. azo the highest peiced aiangarinee. 
2. Vegetable oil vase cane These constitute the cheaper forms 
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3. Nut butter. This class of product constitutes a comparatively 

insignificant fraction of the butter substitutes consumed in this country. 
It is prepared exclusively for the use of vegetarians and — 
has a limited sale. 

As may readily be imagined, the comparative coruseiniypéians of these 
three classes of substances varies. 

The researches dealing with the value of margarine as a foodstuff 
is mainly given in papers published before the vegetable oil margarines 
were 80 extensively prepared and at a time when margarine as a whole 
was manufactured with less strict regard to hygienic details than it 
is now. Jolles@s) in 1894 performed some metabolism experiments 
upon dogs for the purpose of determining the relative nutritive value 
of margarine and butter. From his results he was led to believe that 
the two fats were to be regarded as of equal value as foodstuffs. 
Barterellias) found that margarine was assimilated as well as butter, 
a view which was subsequently confirmed by Liihrig@o), and 


. Hulbgren and Landergren@i). In a report issued by the Massa- 


chusetts State Board of Health (22) the conclusion is held that the rela- — 

tive nutritive value of the two showed little difference. All these 
investigations, however, deal solely with the digestibility and utilisa- 
tion of the fat itself, and cannot be expected to consider the then 
undiscovered accessory substance. In 1915 Osborne and Mendel(6) | 
found that the lower melting point fractions of beef fat contained an - 

accessory growth substance. On this ground they examined a specimen 
of oleomargarine, that is, a margarine prepared from the so-called © 
“oleo-oil,” a beef fat preparation, and found it to contain the same 
substance. 


Before proceeding to a detailed description of our experimental 


trials it might not be out of place to introduce a very brief outline of 


the processes by which the chief forms of butter substitutes are pre- 
pared for the market. 
Oleo-oil margarines. Various animal fats are used as the basis 
of this class of foodstuff, amongst them being beef fat, mutton fat, 
lard oil and horse fat. In this country it is usual to employ almost 


| 4 exclusively the first named fat. It may, however, be stated that 


there is hardly an edible animal or vegetable fat procurable i in large 
quantities at a cheap price, which has not been used in margarine 
manufacture. The beef fat is taken fresh and placed in tanks at 80° F. 
It is then chilled, cut into small pieces, and the temperature raised 


| 0 150° F. The clear oil is drawn off and allowed to set in vats. This 
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constitutes what is termed “ premier jus,” or “oleo-oil,” and it consists 
largely of olein. By careful regulation of the technical details at this 
’ point of the manufacture it is possible to regulate the melting-point 
of the “oleo-oil” which is yielded, thus enabling the manufacture of 
@ margarine suitable for sale at the various seasons of the year. 
“Qleo-oil” is a pleasant smelling, pale yellow fat, not unlike butter 
in appearance. To prepare margarine from “oleo-oil,” the latter is 
melted and emulsified with carefully soured skimmed milk, a process 
devised in order to impart to the finished product a butter-like flavour 
and aroma. From the resulting emulsion the fat is separated and 


churned with the addition of salt and colouring matter, and, for the — 


better qualities, a certain percentage of butter. This latter addition 
is controlled by law, it being illegal in this country for margarine to 
contain more than 10 p.c. of added butter. The vegetable oil mar- 
garines are similarly prepared, utilising as a basis some suitable vegetable 
oil instead of “oleo-oil.” In this country great use is made for this 


purpose of the cheap coconut oil, the oil expressed from copra, the — 


fleshy portion of the seed of the coconut palm, Cocos nucifera. Arachis 
or peanut oil is also somewhat extensively used and to a less degree 
the following oils: maize oil, sesame oil; cottonseed oil, cottonseed 
stearin and shea oil. 

Recent advances have been made in the technology of oils and fats 
‘ by the introduction on a commercial scale of the catalytic reduction 
or so-called hydrogenation of oils. 

It is now possible to effect a complete or prota! reduction of the 
ole fraction of an oil by the agency of as small an amount as 1 p.c. 
of hydrogen gas. acting in the presence of a finely divided metallic 
catalyst, usually nickel. By such means many liquid oils can be ren- 
dered solid or semi-solid as desired, and in addition there is the entice- 
_ ment that it is possible by this means to convert many unpalatable, 

vegetable and fish oils into odourless, edible fats. There does not, 


however, seem to be any indication of there being any great use made 


of such products for the basis of margarine manufacture in this 
_ country, for we have not been able to recognise sample of ea a 
preparation amongst the many we have analysed. 

_ With regard to the edibility of such hydrogenated oils we 

informed @3) that it is generally accepted that they have as aks a 
degree of edibility as the oils from which they are derived. Bémer() 
regards them as valuable foodstuffs, whilst Lehmann@s) and Thoms 
and Miiller@s) believe that they are the complete equivalent of the 
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animal or vegetable oil of similar melting point. This view is con- 
firmed by the recent work of Smith, Miller and Hawk), who 
found that hydrogenated cottonseed oil is as satisfactorily digested 
and utilised as is lard. This type of oil has, apparently, a wider use 
in the preparation of cheap lard substitutes, and ,examples of such 
products have been examined in the course of this investigation. We 
have already referred to the paper by Osborne and Mendel(), 
which gives the result of the trial of the noteitive value of @ sample of 
oleomargarine. 

Recently there has appeared a communication by Reiter@s) in 
which is described a process for enriching the “vitamine” content 
of margarine. This worker apparently makes the assumption that the 
accessory substances, or to use Funk’s term, the “vitamines,” are 
associated with lipoid, for on this assumption he has based a process 
for enriching the lipoid content of margarines by the addition of 
various preparations from seeds rich in those substances. He does 
not, however, give the results of any feeding experiments, which can, 
after all, be the only sure guide as to whether he has achieved his aim 
or not. 

‘Methods. The method utilised throughout this investigation 5 
essentially that employed for similar purposes by the pioneer workers 
in this field, Hopkins, Osborne and Mendel and McCollum. 
A basal dietary was adopted for general use, the composition of which 


ensured that it was adequate in every respect to supply nutritive 


requirements of the young growing rat with the one exception that 
it was entirely lacking in the fat-soluble accessory substance. The 
composition the diet: was: 


Caseinmogen 18 parts 
Alcohol extracted starch ... 47 ,, 
Salt mixture... 
Alcohol extracted agar 3 » 
Yeast preparation 5 i» 


The caseinogen was prepared from skimmed milk by acidification 
and was subjected to purification by at least two reprecipitations. The 
resulting product. was then further purified by being allowed to stand | 
at room temperature in repeated changes of alcohol and ether, in order 
to extract as far as possible any trace of adherent accessory substances, 
without at the same time risking any deleterious action upon the 
protein itself. The wheaten starch and agar were extracted before 


ag 
: 
Ist ~ 
+ ‘ 
. 
NG 
Ree 
$3 
4 
, “ay 
By 
ag 
Ny 
¥ 
‘2 
veg 
At 
; 
7 
¢ iw 
4 
re 
> 


240 D. HALLIBURTON AND ‘J. C. DRUMMOND. 


use with changes of boiling alcohol. The salt mixture was identical 
in composition with one = those — by McCollum@s), 


NaHJPO,) ... 1041 
.. 8663 
CaH,(PO,),... 1620 
Fe” citrate ... —... 3°54 


erat 


The yeast preparation was added as a means of ensuring dis: presence 
of an adequate supply of the equally important water-soluble substance, 
designated by McCollum “the water-soluble B” (0, 31). 


Det 


Fig. 


of the fat-soluble accessory substance. It-was, however, extremely — 


rich in the water-soluble accessory factor. These results form part 
_ of another investigation which is proceeding. 

As is now well known, when fed upon such a diet as the Seeing, 
young rats will cease to grow after a short period, during which a 
“subnormal rate of growth usually occurs. It need hardly be stated 
that the failure is not in any way due to the dietary being insufficient 
to provide the animals with the necessary nitrogenous and calorific 
requirements. Only the prompt addition to the diet of a foodstuff 
containing the fat-soluble accessory substance will prevent the rapid 
decline and death of the rats, and restore a normal rate of growth. 
Growth curves of young rats fed upon the lard diet are seen in Fig. 1. 
(The ultimate decline was in these cases arrested, and recovery induced 
by the land being replaced by beet-oil mangerine, | 
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a By such experimental methods as these it was possible to test the 


various products in order to ascertain whether they contained the 
accessory substance under investigation. It. became necessary also 
to test along similar lines several of the raw materials used in the 
manufacture of the butter substitutes in order to check to some extent 
the results obtained in the feeding trials upon the latter substances 
themselves. The following products were examined: animal fat mar- 
“F” and “G”; nut butters “K” “L” “M” and “N”; lard sub- 
stitutes “A” “B” and “C,” and the following raw materials utilised 
in margarine manufacture: coconut. oil, cottonseed oil, hydrogenated 


Ouro Ou Det. 


220- 
& 
80° Qt Oil was replaced by | 
Fig. 2. 


cottonseed oil, arachis oil, “oleo-oil” (a specimen of the basal oil used 


in the preparation of margarine “D” kindly provided by the manu- 


facturers). 


~The oils and fats were in every case submitted to the usual methods 


of fat analysis in order to determine their composition and purity. 


Feeding experiments. 


1, Animal fat margarines. Three examples of this type of mar- 


garine (C, D and E) were.examined. In every case it was found that 
rats fed upon dietaries in which the margarine was the sole fat, and 
also the sole source of the fat-soluble accessory substance, were able to 
complete their life cycle normally. From Figs. 3 and 4 it will he seen 
that these young rats grew at a normal rate, as compared with the 
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butter diets, Fig. 5, and were able to breed and rear their young 
successfully upon the diet. Throughout the experiments the rats upon 
this ration were in remarkably good condition, being at all times 
active, sleek-coated and apparently “fit” in every sense of the word. 


=| 
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Fig. 4, 

There was only one case in which the mother did not rear her young 

successfully upon this diet, and it is probable that the cause of her 
devouring them upon the seventh day was due to her being disturbed. 
It is often possible to suspect that a diet is deficient in the fat-soluble 
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accessory substance when the rats begin to exhibit aymptome of an 
inflamed eendition of the eyes. This ¢ondition soon makes itself 
apparent in such cases and may be rapidly relieved by the administra- 
tion of the missing dietary factor. No rats upon the beef-fat mar- 
garines showed the slightest symptoms of such trouble. 

The power of beef-fat margarines to restore a normal rate of growth 


in rats which show an arrested development, consequent upon the 
_ withholding’ of the fat-soluble factor, may be seen from many of the 


figures (1, 2, 6,7, 10, 13). 
A sample of the “oleo-oil” used in the manufacture of she mar- 


garine “D,” kindly supplied to us by the manufacturers, was tested and 
found to contain the growth promoting factor (Fig. 2), but apparently 
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Fig. 5. 


(Fig. 4). The 
explanation of the superiority of the margarine itself probably lies in 
the small percentage of added butter, which it contains. At the same 
time there are indications that samples of “oleo-oil” may vary con- 
siderably in their content of the accessory substance. As already 
stated it is usual for the higher grade margarines to contain a small 
proportion of added butter, in order to improve the table quality of 
the product. We must therefore not lose sight of the possible effect 
of the added butter in enriching the content of accessory substances 
present in the margarine. Quite small percentages of butter fat will 
be sufficient for such purposes, for Osborne and Mendel(6) have 
recorded considerable growth in young rats fed upon purified dietaries 
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- A margarine containing 10 p.c. of added butter—the greatest amount : 


legally permitted in this country—if included in a dietary such as has 
been used throughout these experiments, would cause the diet to 
contain some 2 p.¢. of butter. Apart from this consideration, however, 
we have sufficient evidence that “oleo-oil” itself contains the — 
growth accessory 


/IARGARINE Der 


Fig 7. 
2. Vegetable oil margarines. Four samples of this type of prepara- 


tion were examined, margarines “A” “B” “F” and “G.” In all four 
eases the results were substantially the same. As is seen from Figs. 6 


rate of growth for a short period, but sooner or later thé characteristic 
decline associated with the deficiency of the fat-soluble accessory 
‘substance ensues. These animals did not present the well-nourished 
appearance exhibited by those fed upon the butter or “oleo-oil’”’ mar- 
garine dietaries. On the other hand no cases of the eye trouble, 80 
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common in rats fed upon rations deficient in the fat-soluble accessory 
substance, were observed in any of these trials. It is therefore possible 
that the traces of the accessory substance, which are undoubtedly 
os present in a very small amount, are adequate to maintain the resistant 
i: powers of the rat at a sufficiently high level to prevent the incidence of 
. the infection, without permitting a normal rate of growth. On re- 
placing the vegetable oil margarines in the diets by beef-fat margarines 


wo} ARACHIS Ot. DET 


Qt Balter replaced Gil. 


_ the growth and general appearance of the rats rapidly became normal 

i No full-grown female rats fed entirely upon the vegetable oil mor 
rine diets produced any young. a ; 

4 ae the scat of the vegetable oils used in margarine manu- 
facture, attention was particularly paid to coconut oil, arachis oil, 
cottonseed oil and hydrogenated cottonseed oil. All these particular 
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oils were found to be deficient in the accessory substance (Figs. 8, 9, 

10, 1%). 

Individual variations in the behaviour of rats fed upon the same 
dietary are constantly encountered by the investigator in this fieldof 


research, and attention has repeatedly been drawn to the fact. Cases 
of such variations may be seen in the figures presented in this paper a 
and one cannot help being impressed with the idea that the rat is able as | : 
to mobilise an existing store of the fat-soluble accessory substance, oe é 
whenever that substance is withheld from the diet of the animal. 
Apparently for so long as the animal is able to utilise its own store of = i 
the substance, for so long will it be able, not only to grow at a normal oO 
or somewhat sub-normal rate, but also its resistance to certain infections Bi 
™ not be weakened. z | 


60- : 

The results obtained with the vegetable oil rations support the 

results of McCollum, Simmonds and Pitz(8) in the examination & 
of other similar oils. 
3. Nut butters. The examination of the nut butters was carried — ; 


out upon four samples (K, L, M, and N). No product of this type  E 
was found to be an adequate substitute for butter (Figs. 11, 12, 13). a | 
In the preliminary communication which we have made() it was ; 
remarked that one preparation of this type possessed a high nutritive 
value. This statement must now be somewhat modified in that it is aan 
not entirely justified by the subsequent behaviour of the animals fed © 
upon it (Fig. 13). : : | 
The nutritive value of such preparations as these varies very con- | 
siderably. Considered from the point of view of this communication § fF 
there are two possible sources’of the fat-soluble accessory substance, § | 
namely the fat of the nuts themselves, and the basal fat with which 
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thé nuts aré incorporated: In a large iinmber of cases the latter 
substance is coconut fat, often treated so as to rettiGveé its characteristic 


and atoms. Tt has already shown that this fat contains 


little or iio fat-soluble accéssory sibstaince (Fig. 10). 

produvts désignated as “I,” and “N” were both prepared from 
the samé basal fat. In thé cass of “L” the added tite were ground 
walnuts, whilst in the latter preparation the nut portion was the dried 


‘fiésh of the covonut. It Was 4 compuratively simple matter to identify 


Noy Burter Det Now Barrer K 


Tig, | Mig. 12. 


Burrer ‘N’ 


3 3 


the added nuts by centtifugalising the mélted fat, and microscopically 
examifiiig thé deposit. Neither of the preparations “L” or 
was égiial to butter dr a good “oleo-oil” margarine (Fips. 11, 13). 
The substance “N” was, however; of a higher tiuttitivée value than 
“Bi.” In this respect it is of interest that a preparation consisting of 
thé ether extract of crushéd dried walnuts contaitied no appreciable 
quantity of the growth factor. Thé product “K” was much ficher 
in ground niits, which were of several vuriéties, and contained a very 
small amount of a basal fat. It had a poor value régarded from the 
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standpoint of this paper (Fig. 12). Similar results were given by a 
closely similar product “M.” 

- The results obtained by the examination of these articles indicate 
that the amount of nuts which is ingested in the form of a nut butter 
would be insufficient in itself to provide an adequate quota of the fat- 


soluble accessory substance necessary for the requirements of the — 


growing animal. There are, however, certain indications which make 
it probable that the nuts themselves do in some cases contain the 
accessory factors in small 
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Fig. 16. ‘Fig. 17. At x Butter replaced Oil. 


‘The last class of aii examined was that which includes the 
heterogeneous collection of lard substitutes. Products “A” “B” and 
“C” were examined. “A” and “B” consisted, apparently, of deodo- 
ised coconut fat, whilst “C” was in all probability a hydrogenated 
vegetable oil. No one of these gave any indications of the presence 
of the accessory growth factor under consideration (Figs. 14, 15, 16). 


A similar result is recorded by McCollum, Simmonds and Pitz(8) 


in the case of a lard substitute, “Crisco,” sold in the U.S.A: and pre- 
pared from a hydrogenated vegetable oil. It is, however, a point: -of 
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little importance that this is so, for the preparations are all intended — 


to replace i in a cheaper form the somewhat expensive lard, a fat — 
deficient i in the —_ oe factor itself. | | 


| CONSIDERATION OF REsvtts. 
Our main conclusion is that the only butter substitutes (amongst 


those examined) which can adequately replace butter are the margarines 


made of the so-called “oleo-oil’”’ from beef-fat. 
 Qur experiments have been made on rats, so we are unable to state 
with absolute certainty the nature of the deleterious results which 


_would follow an inadequate supply of the fat-soluble accessory growth — 


substance in the diet of human beings. But even without such direct 
experiment, we have every reason to believe that our work has a direct 
bearing upon the dietary of the growing child. In the past it has been 
shown that experiments on rats have been fruitful in drawing such 
conclusions, and in such a fundamental point it is not probable that 
there would be any important difference among the various classes 
of mammals. 

The best natural sources of the accessory substance are milk, butter — 


- and eggs, and the value of these foodstuffs in the nutrition of the young 


and of invalids is a matter of common knowledge. 

In any varied dietary, a particular deficiency i in the nutritive value 
of one component is often compensated for in the properties of others. 
There is therefore in the case of those able to afford such variety no 
reason why the consumption of the cheaper (vegetable) margarines should 
cease. Although, like lard, they are destitute of the fat-soluble accessory, 
there is no indication that any adverse effect would follow their con- 
sumption, and considerable peerey may be effected by their use for 
“cooking” and minor purposes. 

But when we approach the subject of the dietary of the poorer | 
classes, the question is a more serious one. In ordinary times the 
consumption of beef dripping, which is considerable among the poor, 


would to a large extent supply the lacking. properties of a vegetable-oil 


margarine.’ But at’ the present time beef itself is expensive, and the 
opportunities of obtaining dripping are therefore minimised. At the 
same time the three important foods for children already enumerated — 
(milk, butter, eggs) have risen in cost, so as to be almost prohibitive 
to those with slender incomes. The vegetable oil margarines still 
remain a! cheap and the danger is that unless qpeasures 
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taken to a proper tnilk supply fot infants at  feasonable 
these iffants fun the tisk of being fed, far 28 fat is 
concerned, entirely upon af inférior bratid of margarine, destittite of 
the growth-promoting accessory substance. It would be truer economy 
even for the poor to purchase smaller quantities of an oleo-oil — 
if they cannot ‘afford the luxury of real butter. 


CONCLUSIONS. 


1, The fat-soluble accessory growth sibstaiee is preseiit it 
4nd “oled-dil” and is. present in thatgatities prepaféd upon such & basis. 
Such iiatgatines are nuttitively the equivalent of bitter: 

2. Coeoniit oil, edttotiseed oil; afachis and hydrogenated 
vegetable oils contain little ot none of this accessory substaniée; hence 
prepared with 4 basis of thése fats have an équal nuttitive 

Valiie to that of butter. 

8. Nut butters prepared from vegetable fats 
abé sitnilarly tiot 6qual to butter. 

4. Lard substitutes prepared from vegetable oils are equal to tard 


their nutritive value, both alike being destitute of the fat-soluble 


adbessoty sibstarice. 
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PREPARATION ‘OF STRONG SOLUTIONS OF HZMO- 
GLOBIN AND OF COLOUR FILTERS OF HAMO- 
GLOBIN COMPOUNDS. By H. HARTRIDGE, — 
King’s College, Cambridge. 


"(Prom the Physiological Laboratory, Cambridge) 


Strong solutions of haemoglobin. 
Tue ‘etewiee technique has been used for preparing strong solutions 
of hemoglobin in water. 

Sheeps’ blood was centrifugalised and the corpuscles twice washed 
with Ringer’s solution, the final process being continued until the 
corpuscles fell in a solid mass to the bottom of the tubes of the centri- 
_fuge. Cylindrical collodion dialysers about 20 inches long were prepared 
according to Walpole’s technique and into these the blood corpuscles 
_ were introduced until they were three quarters filled. The necks were 
then carefully tied by many turns of thread, at the level of the blood. 
One centimetre above the first tie, a second layer of threads was wound 
- round the dialyser. In this way any leakage past the first knot was 
at once shown. The charged dialysers were now placed in a Dewar 
vacuum flask 50 cm. long and 10 cm. wide. A flow of ice-cold distilled 
water was caused to pass across the outside of the dialysers, by an 
arrangement shown in Fig. 1. 

It will be seen that three flasks were used—the first flask A con- 
taining a spiral coil of glass tubing, the second flask B, being filled 
with broken ice, the third flask C containing the dialysers. The flow 
of distilled water through the. apparatus took place as follows: the 
distilled water having entered at the top of the glass spiral flowed 
slowly down to the bottom. From here it was taken by a syphon to 
the top of the second flask where it came into’ contact with the crushed 
ice which lowered its temperature to approximately 0°C. Having 
reached the bottom of this flask it was now taken by a second syphon 
tothe top of the third vessel © containing the dialysers. It there 
received into solution the salts passing by diffusion through the collodion 
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P walls together with a small amount of hemoglobin. Having. reached 
the bottom of the third flask, the third syphon transferred the water 
to the bottom of the first flask, A. As it travelled up this flask it came 
into contact with the glass spiral down which was passing the stream of 
distilled water, which entered the apparatus approximately at room 
temperature. Heat tended therefore to pass outwards through the 
walls of the glass into the cool liquid passing up the flask A. The 
entering distilled water was by this means lowered considerably in 


q 
% 
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C\ 


' temperature, and a great economy of ice thus effected. Having reached 
; the top of the first vessel a fourth syphon took the liquid to a constant 
' level oveiflow device shown on the right of the figure, from which it 
passed. to the waste. This apparatus worked with little attention, 
except for the occasional renewal of. the ice in the second flask as it 
became dissolved. A small glass wool plug placed in the funnel through 
which the distilled water enters the glass spiral in the flask A steadies 
the flow of the water through the apparatus and prevented air bubbles 
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being drawn iiito the glass spikal: It Was found possible to dialyss 
blood corpuscles if this appatatis for periods as lohy a8 a Week Without 
signs of bacterial Contamination, A change of colour takes place in 
the blood. dtring dialysis; préviotis to potiring ints thé dialysers the 
Gottents have a bright chetty colour, after dialysing the colour is 
almost black. This is dué to the laking of the blood; and hot to re- 
duction of thé h#inoglobin, for if a thin film of thé haittoglobin soliition 
is réiidved ftom thé dialysets it is bright ted in colour and analysis in — 
Barcroft’s‘apparatus shows that itisfully oxygenated. .. 
' The fresh solution was a transparent ruby red viscous liquid with a 
pleasant smell and no visible granularity. A series of analyses of the 
oxygen capacity performed in Barcroft’s apparatus showed that the 


solution was approximately 35 °/, saturated with hemoglobin. Under 


a microscope the solution was seen to be very finely granular with 
occasional isolated unlaked corpuscles. The colour was perfectly 
uniform, there being no indication of colourless areas. The granularity 
appeared. to be due to corpuscle debris or to serum proteins that had 
been precipitated owing to the reduced salt content of the solution. 
_ The addition ofa weak solution of acid to the preparation on the slide 
caused immediately the devélopment of a fine crop of prismatic crystals 
of an oratige colour deeper in tint than that of the surrounding fluid. 
This would appear to inditate that the hmmoglobin was definitely in 
solution. When‘a thin layer of this solution was examined with the 
reversion spectroscope the bands appeared to be normal. A thick 
layer of the solution was examinéd for the meth-hemoglobin band 
without its being identified. | | 
Experiments were carried out to ascertain whether stronger solutions 
could be obtained by this technique by prolonged centrifuging and by 
applying tension to the collodion bougies, thus reducing the entrance 
. of water during dialysis. It was found that a solution containing 
48 °/, of hemoglobin could be obtained, the material being a jelly-like 
mass that would not pour. It had however under the microscope and 
the saitié properties ad thé wéaket solution: The iiuinber 
Of cluthips of unilaked eorpiiséles Waa howsVét to be fumérous 
Wheii the ihicréséopic fields Were carefully éxariined: The walls of 
the dialysets weré déeply édlouréd With heitidglobiii ahd if glass plates 
coated with gelatine wéré sitearéd With this jelly they 
quickly becanie stained which Woiild sééin #ive an additional itdica- 
tion that the lisinoglobin was iti soltiticii, 


obtained ih the above investigation faises interesting 
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questions with regard to the condition of hemoglobin inside the corpusele. 
It has been caleylated that the amount of hemoglobin inside a corpuscle 
is at least 30°/, of the total contents of the corpuscle envelope. It 
wag argued in consequence that the hemoglobin must be in some physical 
condition other than solution, since it is impossible to produce artificially 
solutions stronger than about 15°%/,. With the preparation of a solution 
stronger than 30°/,, this method of reasoning is seen to be fallacious 
although of course it can give no positive evidence that the hemoglobin 


is in solution in the corpuscle. 


It is probable that treatment with alcohol is responsible for the low 
concentration of hemoglobin solutions usually prepared. Attempts 
were made to free the hemoglobin solution prepared above from the 
corpuscle debris, it, wag found however impossible to filter the solution — 
through ordinary media owing to its viscosity. One or two approxi- 
mate measurements were made of the osmotic pressure of a strong 
hemoglobin solution, using one of the collodion dialysers surrounded 
by a tight fitting muslin bag in order to prevent stretching due to the 
great pressure exerted. The mercury column used to determine the 


‘osmotic pressure was made initially about 50 cm. shorter than that 


ascertained to be the final value by previous experiments. In this 
way the time required to reach equilibrium was diminished. Two 
complete experiments only were performed. They showed however 
that if care wag taken to remove a sample of solution cloge to the wall 
of the dialyser the osmotic pressure wag approximately that to be 
expected from Barcroft and Hill’s measurements of the molecular . 
weight of hmmoglobin. It is proposed to repeat this 
with an improved technique in the future. —. 


During the preparation of strong hemoglobin solutions by the 
technique described above it was found that the collodion dialysers 
became strongly stained. Spectroscopic examination of a specimen 
showed the presence of strong oxy-hamoglobin bands. Experiments 
were therefore made to ascertain whether it would be possible to prepare 
permanent colour filters of oxy-hemoglobin by this method. When 
portions of the dyed collodion were allowed to dry on glass plates it 
was found that the colour changed from orange pink to dirty brown 
and spectroscopic examination showed that the typical bands of oxy- 
hemoglobin were just visible, superimposed on them being other bands 
which ‘were too indefinite for measurement. A different technique was. 
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256 | H. HARTRIDGE. 
therefore tried: Sheets of best white gelatine were carefully washed 
in distilled water, and a 10 °/, solution of gelatine in distilled water was 
prepared. To the warm solution was added a suitable quantity of 
strong hemoglobin solution. The solution was then rapidly poured 
on warm slabs of plate glass which were placed on a level surface. 
As soon as the gelatine had set they were placed in a sulphuric acid 
desiccator which was immediately connected with a vacuum pump. 
When a vacuum had been obtained the desiccator was placed in an ice 
chest until the plates were dry. They were then removed, sealed with 
cover glasses by means of dammar xylene, and allowed to harden under 
pressure. The colour filters prepared by this technique were of a rich 
pink colour and were absolutely transparent with no sign of cloudiness or 
irregularity. The tint was the same as that of a freshly prepared blood ‘ 
solution of suitable thickness. Spectroscopic examination showed the 
typical bands of oxy-hemoglobin. Measurements of the positions of 
the centres of the absorption bands by means of the reversion spectro- 
scope showed that they were in the typical position. It was noticed 
that the bands were rather more diffuse, however, than those exhibited 
_ by a fresh blood solution of the same apparent tint. Examination of 
a beam of light passed through a series of these filters by means of the 
spectroscope showed no indications of meth-hemoglobin bands. Exami- 
nation under the microscope showed the presence of fine granularity 
on the filters. Colour filters of ordinary organic dyes were found to 
show approximately the same granularity. It was considered therefore 
. that this might be due to the presence of fine dust particles in the 
film. If a powerful beam of light from -an are-lamp was allowed to 
fall on the colour filters it was found that they showed approximately 
the same optical emptiness as other colour filters of organic dyes. These 
experiments show therefore that colour filters of oxy-hemoglobin can 
be prepared by a simple technique, and that they exhibit the same typical 
properties as those of other dyes.. An interesting observation was made 
during the preparation of these films, it was found that when exposed 
to the vacuum in the desiccator there was apparently no change in 


colour; there did not appear to be therefore any noticeable reduction — 


_ in the amount of oxygen combined with the hemoglobin. 

_ The experiments were continued .to ascertain whether filters of 
carbon-monoxide hemoglobin could be prepared by the same technique. 
It was found that if the filters of oxy-hemoglobin were exposed while 
wet to coal-gas, the oxygen was displaced from combination with the 
hemoglobin. Care was taken during this process to prevent light 
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falling on to the filters, When dry the filters were examined with the 
reversion spectroscope; the position of the bands was found to corre- 
spond with those of a solution of hemoglobin 70-90 %/, saturated with 
catbon-monoxide; but as in the case of the oxy-hemoglobin the bands — 
were noticeably more nebulous than those of a solution of carbon- 


monoxide-hwmoglobin of corresponding strength. Filters of these two 


compounds were prepared on glass plates which were sloped during the 
_ setting of the gelatine film, so that the film was thick at one edge and 


thin at the other. With these it was possible to demonstrate the change 
in colour and change in the appearance of the absorption bands as the 
number of molecules of the pigments encountered by the transmitted — 
beam of light were varied. A filter was also prepared in which two 
films were placed face to face—one of oxy-hemoglobin and the other 


of carbon-monoxide-hemoglobin, the thick edge of one corresponding 


to the thin edge of the other. With these films it was possible to 


‘ demonstrate the movement of the a and B bands towards the violet 


end of the spectrum as carbon-monoxide replaces oxygen in the hemo- 
globin molecule. These filters were examined nearly a year after their 
prepatation; it was found that the tint of the films was not noticeably © 
changed. The colour however appeared to be paler than when they 
had first been prepared. Examined spectroscopically the oxy-hemo- 


globin bands were only faintly visible, also if a number of the films 


were placed in a series and a beam passed through them, there were 
now definite indications of the presence of the meth-hemoglobin band 
at the red end of the spectrum. 

The colour filters prepared by the above technique did not ioeer | 
to be very permanent ; it is possible that the use of other cementing — 
media may give more lasting results. The colour filters of carbon- 


‘monoxide-hemoglobin had suffered to approximately the same extent 


as those of oxy-hemoglobin. 

Attempts were made to prepare colour filters of certain other com- 
pounds of hemoglobin, particularly reduced alkaline hematin and 
reduced hemoglobin. The re-agents however that were added to the 


’ hemoglobin solution in order to prepare the required compound, pre- — 


vented gelling of the film. Tentative experiments were carried out to 
find a method of overcoming this difficulty. Dry filters of oxy-hsemo- 
globin on glass were immersed in a solution of the re-agent required, 
and were washed and dried as if they were photographic material, but 
the hemoglobin dissolved out of the gelatine leaving an almost colour- 
less film. The addition of alcohol or formalin to the solution of the 
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re-agent or the use of alopholic solutions would probably help to retain 
the colour by reducing to a considerable extent the solubility of the 
hemoglobin. The attempt was made to obtain filters of hemoglobin 
without the addition of gelatine. It was found however that the 
film did not adhere sufficiently to the glass. A series of scales were 
formed on the slabs which at first were of a ruby colour, but became 
brown in tint on keeping. These scales were found to be readily 
soluble in water, forming a transparent solution which showed spectro- 
scopically both the oxy-hemoglobin and meth-hwemoglobin bands. 
The addition of a trace of ammonium sulphide was found to strengthen 
the bands of oxy-hemoglobin, removing at the same time those of 
meth-hemoglobin. It is possible that such a scale preparation of 
hemoglobin may prove useful for preparing solutions for detecting the 
presence of carbon-monoxide in the air of coal mines etc. by means of 
the reversion spectroscope, avoiding as it does the necessity of providing 
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THE REACTION REGULATOR MECHANISM OF THE 
‘BLOOD BEFORE AND AFTER HMORRHAGE. 
By T. H. MILROY. 


he Lay, University of Bales.) 


CONTENTS, 
The reaction of bicarbonate solutions ics 
ol the blood belore hemorrhage 
The reaction of the cerebro-spinal fluid ; 
The reaction of the cellular elements of the blood _ 
The plasma and corpuscles after dialysis . . 
Sodium chloride injections after hemorrhage ee 
hemorrhage ° 
Rectal of bicarbonate after hemorrhage 


| 


RECENTLY siscabhaney has been directed to the value of various substances 
as ingredients of fluids suitable for intravenous infusion after loss of 
blood. Thus Bayliss(1) has shown the value of maintaining the 
viscosity of the blood by the addition of suitable substances to infusion 
fluids, and others have adopted the method of direct transfusion of 
blood so as to restore to the circulation all the constituents which have 
been lost. As the maintenance of a fairly constant reaction is one of 
the most important functions of the blood, it is necessary to gain some 


_ idea of the nature and degree of the alterations in the reaction of the — 


blood produced by hemorrhage and also the most suitable means of 
counteracting such disturbances. Before referring, however, to the — 
effects produced by hemorrhage, it is necessary to consider somewhat 


sg fully the reaction regulator mechanism possessed by the normal blood. 


As a -8--9 °/, sodium chloride solution is often employed to replace — 
blood which has been lost, one might consider in the first place how the 
reaction of such a fluid is altered when it is in equilibrium with carbonic 
acid at such pressures as it might be exposed to in the circulatory system. 
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_ & fairly constant reaction, always on the alkaline side of neutrality — 


260 T. H. MILROY. 


It is better however to consider how such an albuminous fluid as the 
blood plasma would behave under these conditions, if the plasma con- 
tained no substance which could chemically combine with the carbonic 
acid. The reaction of such a fluid may be stated in terms of the hydrion © 
concentration and the value of the latter may be determined from the 
following equation of the first dissociation constant of carbonic acid 


the [H,00,] being the total 0O,+H,00, concentration == 


(where the square brackets denote molar or gram ionic concentrations 
of the enclosed substances). &, may be taken at body temperature 
as having the value 4:125 x 10-’, as calculated from Kendall’s(2) 

recent determinations of this constant. The average carbonic acid 
_ pressure to which the blood is exposed may be taken as 30 mm. From 
Bohr’s values for the absorption coefficient of blood plasma at body 
temperature and considered simply as a solution containing physically 
dissolved CO,; one may state that at this pressure the molar concentra- 
tion of CO, per litre should be approximately 1 x 10-*. 


Then x 1077) (1 x 10-* }=2-081 x 10-5 N. | 


Py: = 4-69. 


plasma has approximately the hydrion ‘concentration of 4-5 x 10-8 N. 
or a p_, of 7:34. It is therefore evident that even the very partial 
replacement of blood by a ‘physiological sodium chloride or a solution 
of similar concentration containing no reserve alkali for the fixation | 
of carbonic acid must disturb to a serious extent the reaction regulator. 
- mechanism of the blood. As the normal blood therefore maintains 


within the range of carbonic acid pressures to which it may be exposed, 
it must possess some reserve mechanism for the neutralisation of added _ 
H’ or OH’. An ideal solution as regards neutralising power for both 

acids and alkalies, constituting therefore a protective mechanism against 
additions of both, would be one which contained @ mixture of a weak 
' acid with its salt (or weak base with its salt) the hydrion concentration — 
of which was the same as the ionisation constant of the weak.acid. If 
we consider the mechanism as consisting of the salt of a weak acid BA 
_ along with the weak acid HA, we find that the dissociation of the former — 
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into B’ and A‘ takes place to a large extent while that of the acid HA 
is very much less in-degree. There exist therefore a large number of 
A’ from the salt and a small number from the HA so that the undisso- 
ciated HA is proportionately large to the dissociated. If hydrogen ions 
be added to such a solution, they combine with the A’ to form undisso- 
ciated HA and if hydroxyl ions be added these unite with the acid to 
form water and free A’. Thus A’+ H’= HA and HA+ OH’ = H,0+ A’. 
It is therefore clear that in order to possess an equal power of neutra- 
lising H’ and OH’ the [HA] and the [A’] must be equal. eee 
the law of mass action the equation is : 


(acid) and therefore 


If [HA] and [A’], that is the concentration of the undissociated acid — 
and the anion respectively, be equal to one another, the hydrion con- 
centration of the fluid is equal to the ionisation constant value of the 


_ weak acid. It is evident that the [H'] varies directly as the [HA] 


and inversely as the [A’] so that the addition of A’ without raising the 
HA, which can be conveniently carried out by the addition of an easily 
dissociated salt of the acid, will give rise to a decrease in the degree — 
of dissociation of the weak acid and hence a fall in the [H’]. 
-. The blood plasma reacts in the main as a sodium bicarbonate- 
carbonic acid system with very small quantities of other salts and 
proteins which might possibly act as regulators of the reaction. It is 
necessary therefore to consider the equilibrium conditions in the first 
place: of carbonate, bicarbonate and carbonic acid mixtures. These 
have recently been dealt with by Auerbach and Pick(s) and Seyler 
and Lloyd(4). 

As carbonic acid in its hydrated form is a dibasic acid, it shows 


jonisation in two stages, the dissociation of the first H: being much 


greater than that of the second, and it is with the first constant that one 
is mainly dealing in the case of the blood. Following the law of mass 
action, the position of equilibrium is characterised as a? the 
following conditions 


These constants k, and k, are independent of the concentrations of the 


participants and are dependent. only on the temperature. Both disso- 


ciations must lead in a particular solution to the same value of [H"] thus 
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The former equation is the more important one as regards the blood, 
where the solution is one which contains free carbonic acid along with 


bicarbonate. If the carbonic acid pressure be kept constant, an addi- 


tion of bicarbonate (HCO,") must give rise to a diminution in the [H’] 
in order to maintain a constant value of k,. As the blood is continually 
being exposed to slight variations in carbonic acid pressure, these will 


give rise to corresponding variations in the concentration of the dis- 


solved carbonic acid, and the disturbances in the hydrion concentra- 
tion throughout the range of variation in the concentration of H,CO, 
will depend upon the Na(HCO’,).concentration of the plasma. As has 
already been stated the ideal regulator mixture is one where the hydrion 
concentration of the fluid is equal to the dissociation constant of the 
weak acid, in this case the first dissociation constant of-H,CO,. What 
relationship then exists between the [H"] of the blood and the value 


of this constant? It is important to arrive at this knowledge in order 
to gauge the reserve alkali-acid value of the blood. The average 


[H’] of the “whole” blood at body temperature may be taken as 
4-5 x 10-8 gm. ion per litre. As regards the first ionisation constant. 


of H,CO, at body temperature, one may arrive at a very close approxi- — 
- mation from Kendall’s recent determinations at 0°, 18° and 25°. As. 


these values lie nearly on a straight line, 3-75 x 10-? may be taken as. 
the value at 30° and 4-25 x 10-? at 40°, and -05 per degree within that. 


range. If one then takes the [H’] of the blood as 4-5 x 10-* at 37:5°, 
or the log. of this 86532 (p_, 7-34), and the first ionisation constant of 
carbonic acid at this temperature as 4-125 x 10-7 (7-6154), it is evident: 
_ that the hydrion concentration value of the blood is only approxi- 
mately one-tenth of the first ionisation constant value. Ifthe NaHCO, — 
of the blood were completely dissociated, this would give a ratio of — 


1H,CO, to 10HCO’; but as the dissociation even at body temperature 
_ and at the comparatively low concentration of the NaHCO, in the 
blood is only somewhat over 80 °/,(5), one may take the ratio of [H,CO,} 

to [HCO,’] as approximately 1 : 12. 
If one were dealing with a mixture of carbonate and iaslinate, 


the hydrion concentration of such a mixture, which would furnish an 


ideal regulator mechanism, might be the equation 
the second ionisation constant, 


the second ionisation constant has an approximate of 
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welsh in order that the concentrations of the HCO’, and the CO,” — 
- should be the same, and so furnish a mechanism equally capable of es 
_ neutralising added hydrion or hydroxy] ion. 


Such a “buffer” mixture would of course be much more alkaline | 
than the blood. 


L The reaction of bicarbonate 
Before studying the reaction disturbances produced in the blood 


by exposing it to gas mixtures with varying pressures of carbonic 


acid, it was considered advisable to, expose bicarbonate solutions of - 
different concentrations to a similar series of gas mixtures and to 
experimentally determine the disturbances produced in the hydrion 
concentration. As a certain experimental procedure was adopted in 
the study of the effects produced by various carbonic acid pressures 
on the reaction of the blood, a similar method was employed in the case 
of the bicarbonate mixtures, even although the method might not 
really be the most satisfactory for pure bicarbonate solutions. For 
example it might be better in the case of the latter to keep a particular 
hydrogen carbonic acid mixture bubbling through the bicarbonate 
solution while the electrometric determination: was being actually 
carried out, but such a procedure is unsatisfactory in the case of blood 


' owing to the inconvenience arising from the frothing of the viscous 


fluid in a small electrode vessel. Hence the bicarbonate solutions were 
introduced into a tonometer similar to the one employed by Barcroft(é6) 
and Peters(7) and there exposed at body temperature to the series 
of hydrogen carbonic acid gas mixtures. 10 c.c. bicarbonate solution 
were taken in the tonometer filled with the gas mixture, the capacity 
of the tonometer being 160 c.c. The tonometer was rotated in a large 
water bath at 38° for fifteen minutes, then a hydrogen electrode was 
attached to the tonometer, so that the former might be filled with the 
gas mixture and finally the bicarbonate solution was passed in until 
rather more than the half of the platinised electrode was immersed in 


the fluid. A specimen of the gas mixture was taken from the tono- 


meter after the rotation in the bath and the carbonic acid percentage 
determined. From this, after the necessary corrections for temperature 
and pressure, the CO, pressure was calculated. 

The electrometric determinations were made at a temperature 
varying from 37°-38°, as a rule at 37-5°, an oil thermostat with soinene 


. vegulator being employed. 
"A was employed and « 345 norma 
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KCl solution as the contact fluid. From the electrometric determina- 


tion the hydrion concentration was calculated, after making the 
neceasary temperature correction for the calomel electrode, the pressure — 


correction for the gas in the hydrogen electrode and the temperature 
correction for the gas constant (Sérensen ) (6). 

In. Table I the hydrion concentrations of four bicarbonate solutions, 
after exposure to a series of various carbonic acid pressures, are given. 


_ A solution of -2 molar NaHCO, (16-802 grams Kahlbaum’s sodium 


bicarbonate puriss. per litre) was made using conductivity water of 


— good quality. From this solution dilutions were-obtained by the : 


addition of -2 molar sodium chloride. The mixtures therefore possessed 
approximately the same Na’ concentration and therefore the NaHCO, 
may be regarded as having throughout a more or less constant 
degree of dissociation. The hydrion concentration is given wwe 
in mol. /litre and the carbonic acid in mm. pressure. In eet 
former is plotted as a function of the latter. 
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Mig 1. NaHOO, solutions. (1) -2 molar, (2) +1 molar, (8) -02 molar, (4) -01 molar oes 


i It is evident that in the case of both -2 and ‘1 molar NaHCO, the 
variations in hydrion concentration produced by raising the H,CO, 


i 
+ 
ony 
— 
y 
te 
: 
10 
4 
Zl 
4 
‘2 
4 
\ 
- 
4 


10 c.c. The. tonometers were kept rotating at 38° in the water bath 


REACTION OF BLOOD. i 
concentration of the fluid are comparatively oan Neaperig to those — 


occur in the -02 and -01 solutions. 


(il) 10 0 2] — | $71 689 323) 933 524 


(2) 6 & 1/1260 62 | 650.182] 801 12:50 366 
(3) 1 9 02/872 207) 26-12 11-6] 51-29 282) 1067 
(4) 6 95 01/426 2-57| 53-50 58 /| 1045 2081240 657-4 


' When blood plasma is studied in the same way it is found to behave 
in a similar manner to ‘02 molar NaHCO,, as will be seen from the plasma 
determinations to be de&cribed later. _ 

In the study of the reaction regulator mechanism of the blood by 
the method employed for the bicarbonate solutions, it is important — 
to treat the plasma and cellular elements separately, because, as will 
be shown, the former behaves in a different manner from the latter 
and any disintegration of the red blood corpuscles, such as is found to 
occur in the treatment of the whole blood at body temperature with 
the various gas mixtures, gives rise to disturbances in the reaction of 
the fluid apart altogether from those produced by variations in the 
concentration of the dissolved carbonic acid. 

The blood plasma will therefore be dealt with in the first place, 
then a fluid similar to the plasma but only containing traces of protein, 
namely cerebro-spinal fluid, and in the last nee - laked cellular | 


from the blood. 


‘IL. The blood plasma before hamorrhage. 


In mee case the blood was received directly into centrifuge tubes 
containing sufficient hirudin to prevent coagulation. This addition 
does not affect the reaction of the fluid. The blood was then centri- 
fugalised-and the plasma removed. With as little delay as possible 
specimens of the plasma were placed in tonometers, evacuated and 
exposed to pure hydrogen, and then to three mixtures of hydrogen and 
carbonic acid, the latter varying from about 10-60 mm. pressure. 
The capacity of the tonometers was 160 c.c. and the volume of plasma 
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for about fifteen minutes and then the hydrion concentrations deter- 
_ mined in the usual way. Practically constant readings of the B.M.F. 
of the electrode system were obtained — about half an hour after 
being placed in the thermostat. 

Determinations were made in the blood of man, rabbit, cat and dog, 


f but as the disturbances produced by hemorrhage were only studied — 


in the dog and cat, the values obtained for these alone will be given 
in this communication. 
Table II gives the results obtained in the case eof a dog, in which the 
disturbances produced by hemorrhage were also studied ; the a 
concentrations are also given in logarithmic form (P, hi 


Taste II. Dog’s blood plasma. 


Exposed to hydrogen 1-05, 7-98 4:5 
2. Exposed to Ist CO,-H, gas mixture 3-09" 7-61 16-73 
3, Exposed to 2nd gas mixture tees 5-25 7-28 20. 
4, Exposed to 3rd gas mixture ... ... 10-23 6-99 61:37 | 


“In Fig. 2, the [H']is plotted as a function of the carbonic acid pres- 
On comparing these results with the values obtained for -02 molar 
NaHCO,, one may readily derive from the graph (Fig. 1) the hydrion 
_ concentrations of the bicarbonate solution (-02 molar) at the CO, 
pressures to which the blood plasma was exposed. I shall take the 


three H, and CO, gas mixtures, placing alongside for comparison the 
NaHCO, and blood plasma values. 


Taste IIL Comparison between plasma and -02 molar NaHOO,. 


{H‘}x10-8 N, 
OO, pressure Blood plasma NaHCO; mol. . 
15-73 mm. 3-00 
25-0 525 4-9 
87 10-23 108 


es very low CO, pressures (see Table I) hydrolysis is greater in the 
case of the biearbonate solution than in the blood, but within ‘the range 
of pressures to which the blood is normally exposed _ two auids 
-_ behave practically in the same way.: 
The blood plasma of the cat was treated-in the same way ol the 


hydrion concentration displacements produced by variations in the 
carbonic acid pressure determined (Table IV ae 
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[H4}x10-6 N. Py 
Exposed to hydrogen .... 1-66 435 mm. 
2. Exposed to lst gas mixture 616 26-84 
Exposed to 2nd gas mixture 11-22 6-05 49-64 
4. Exposed to 3rd gas mixture 1380 6-86 63-84 


Blood plasma of cat (B). 

“1, Exposedtohydrogen ... 0-74 «813 45 mm. 
Exposed to Ist gas mixture 302 SD 16-17 
3. Exposed to 2nd gas mixture 5-58 723 2-12 
‘Exposed to 3rd gas mixture 1380 686 


Blood plasma of cat (A). 


’ These two specimens of the blood plasma of the cat show greater 
displacements in hydrion concentrations with increasing carbonic acid 
pressure than the corresponding plasma of the dog (Fig. 2). That is 
to say the HCO’, concentration of the dog’s blood plasma has been 
higher than in the other two specimens. 

Although blood plasma behaves in much the same way as a -02 molar 


aqueous NaHCO, solution, there are undoubted differences between 


the two, as for example the greater hydrolysis of the latter at low CO, 
pressures. When we compare the chemical composition of the two 
fluids it is most probable that the high protein content of the plasma 
constitutes the most important differentiating factor. It was there- 
fore deemed advisable to study the behaviour of one of the body fluids 


an low protein content, namely cerebro-spinal — 


obtained a small specimen normal cerebro-spinal 
fluid of man, and tested iti in the same way as the scaaiadconaie solutions 


Ill. The 


_ Hurwitz and Tranter() have recently determined the hydrion 
concentration of cerebro-spinal fluid obtained by lumbar puncture. 
They made use of the colorimetric method, sulphophenolphthalein © 
being the indicator. They found the p_ to vary from 8-15 to 8-3 and 
therefore regarded it as distinctly more alkaline than blood. As will 
be shown this is undoubtedly true at low carbonic acid pressures. —_ 

The specimen which I examined contained a traces of ar 


less than -15 The results are in Table 
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Taste V. Cerebro-epinal fluid (human). 
00, pressure 


1. Exposedtohydrogen =... 046 833 226mm. 
2. Exposed to lst gas mixture 5-75 29-32 
3. Exposed to 2nd gas mixture 10-23 6-99 53-4 riled | 


On comparing the graph of the hydrion displacements of cerebro- 
spinal fluid with those obtained for the plasma of the dog and cat, it 
is evident that this fluid lies about midway between the dog’s and cat’s 

| plasma (Fig. 2). The hydrion concentration of the fluid, when exposed: 
fy to hydrogen, corresponds very closely to that possessed by a pure 
bicarbonate solution as the hydrolysis is greater than in the case of the 
plasma specimens. This is most probably due to the extremely low 
protein content of the cerebro-spinal fluid. The at low CO, pres- 
sures is therefore higher, in other words the alicalinity i is greater, than 
that of blood plasma. : | 


4 
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mm LO, pressure. 
| ~~? 1. Blood plasma of dog. 2. Blood of 3. 
id of man, A, 
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IV. The cellular elements of the blood. 

‘Tt has been shown that the blood plasma behaves as a reaction 
regulator mechanism in a similar way to a -02 molar bicarbonate solution, 
and. one is now led to consider the behaviour of the contents of the 
cellular elements when treated in the same way as the plasma to varying 
CO, pressures. To the cellular deposit obtained after centrifugalisation 


of the dog’s blood distilled water containing a small quantity of ether 


was added until the volume was that of the original blood specimen 


‘from which the deposit was obtained. The mixture was thoroughly 


shaken, kept in the ice-chest until the following day and then passed 


‘ through two or three layers of fine muslin. The solution contained also 


finely suspended material and had a protein content of about 11-8 %,. 

The disturbances produced in the hydrion coneentration of the 
blood cells of the dog and: cat by increasing carbonic acid pressures 
6. 


: Tastz VI. The laked blood corpuscles 
Dog's blood corpuscles. | 
(H}x10-7N. 


Exposedtohydrogen ... 6-93 6-08 mm. 
Exposed to Ist gas mixture 1/74. 6-76" 13-77 


3. Exposed to2nd gasmixture 245 #4661 22:23 
4. ExposedtoSrdgasmixture 251 660 40-01 


Cat's blood corpuscles. | 
1. Exposedtohydrogn ... 1-41 6-85 
2. Exposed to lstgasmixture 251 22-86 
3. Exposed to 2nd gas mixture 3-31 648 55-93 


_ It is in the first place quite evident that Were reaction of the cellular 
elements of the blood is very different from that of the plasma. Even 
when exposed to pure hydrogen the reaction is practically neutral. 
Attention has already been directed to the difference in reaction of 


the tissue constituents from that of the blood by Hasselbalchi(io), — : 


Michaelis and Dawidoff(1), Konikoff(12) and most recently by 
Michaelis and Kramaztykii3). In the first three of these com- 
munications attention was directed to the effects of partial laking of 
the red cells on the reaction of the “whole” blood.. A more or less 
distinct decrease in alkalinity being the constant accompaniment of — 
hemolysis, In the last mentioned communication the reaction of 
voluntary and cardiac muscle, liver, kidneys and pancreas was de- 


termined electrometrically and was found to range from p,. 6: 78 to 
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6-40 in the fresh condition and from 7-04 to 6-82 on extraction of the 


tissues with boiling water. It is also evident that the cellular con- 
stituents, when eas to varying carbonic acid pressures behave in 


2 — 


‘Fig. 3. 2, Laked cellular deposit of cat. 


a different way from the blood plasma. The variations in bidcion 
concentration at the higher carbonic acid pressures are comparatively 
slight (Fig. 3). 

At the seat therefore of the formation of the acid: dante of tissue 
‘metabolism, the reaction of the medium is much less alkaline than that 
of the transport medium, the blood plasma, and the changes in reaction 


produced by an increase in the H,CO, concentration are _— evident 


than 1 in the case of the latter. 


It is evident that the reaction of the plasma is dependent upon the 
_ biearbonate-carbonic acid ratio, but it is of interest to determine the 
reaction of plasma and blood cells after removal of the dialysable 
salts. The dog’s blood plasma was subjected to dialysis for 48 hours 
in celloidin tubes*, made according to the directions of Wal pole(14). 
To the dialysed plasma sodium chloride solution was added to dissolve 
the separated proteins. The sodium chloride concentration of the 


plasma was «1 molar and the protein approximately 2%,. To prevent — 


decomposition during dialysis a small quantity of toluene was added. 


In making the electrometric determinations of the dialysed plasma, it — 


was soon evident that the series required to be examined without delay 
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y carbonic acid concentrations produced only very slight disturbances in 
4 the hydrion concentration. The cat’s plasma in the 
same wey was ‘also examined. 


& 
2. Exposed to lst gas mixture 1-41 585 

3. Exposed to 2nd gas mixture 1-41 S85 267 
4 4 Exposed to 3rd gas mixture = 1-44 5-84 57-9 
1. Exposed to hydrogen ... 338 BAT 0 

2. Exposed to lst gas mixture 3-98 5-40 31-6 

3. Exposed to 2nd gas mixture 5-01 630. 555 


greatly from the normal plasma. The alterations in hydrion concen- 
t tration produced by variations in the CO, pressure are very slight. 
-— = ~—_— On the other hand when the laked solution of the corpuscles is dialysed 
4. and examined it is found to differ only very slightly from the undialysed 


cellular deposit and so I shall take that obtained from the dog’s blood. 
The cellular deposit was the same one as had already been examined 
: before dialysis. Dialysis was continued for a week, sodium chloride 
ae being added in small quantities to keep the proteins in solution. The 


protein content of the solution was 10-8 °/,, but a portion of the — 


‘was in the form suspended material in the 


2, Exposed to let gas mixture 1-38 686 1308 
3. Exposed to 2nd gas mixture 1-66 678 22-37 
‘4, Exposed to Srd gus mixtore 22% 665 47-6 


; . Jt is evident in the first place that the reaction of the dinkyeed « cell 
a contents is practically neutral and therefore they may be regarded as 


almost identical ‘with the undialysed cell contents. When exposed to 
— 


| ts _ ‘as there were distinct changes in reaction on standing, while i increasing : 


» It is evident that a sodium chloride solution of the dialysed proteins 
re of blood plasma has a distinctly acid reaction and therefore differs 


‘material. It is only necessary to give one example of the dialysed - 
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degree of disturbance in the hydrion concentration. It appears there- 
fore probable that the regulation of the reaction of the cell contents is _ 
mainly dependent upon the proteins in whatever form of combination | 
these may exist within the cell. 
Before leaving the subject of the reaction of the dialysed plasma and — | 
cells, it is of interest to consider the effect produced upon the reaction 
_ of the dialysed plasma by the addition of NaHCO,. To the dialysed 
plasma NaHCO, and NaCl were added, the concentration of the former _ 
in the plasma being -02 molar and of the latter-1 molar. The protein — 
content was 1-98°/,. This fluid therefore differed from ordinary blood 


plasma in the low protein content and in the absence of dialysable salts 3B. 
_ other than sodium bicarbonate and sodium chloride. 
xX. 
Exposed tohydrogen ... 2-69 7-57 
2. Exposedtolstgasmixture 338 747 164 
3. Exposedto2ndgasmixture 490 270 
4 Exposed to rd gas mixture 10-23 699 550 


“added (cons, molar) 
Exposed to lst gas mixture 426 
3. Exposed to 2nd gas mixture 6-31 30-4 
Exposed to Srd gas mixture 10-72 697 B40 ey 
In Fig. 4, the hydrion values of these two specimens are plotted 
as functions of the CO, pressure and for comparison the graphs of the 
‘02 molar NaHCO, and of the normal dog’s plasma before dialysis are 
also given. 
It is evident that the dialysed blood plasma, regarded as a reaction 
regulator mechanism, can be brought back approximately to its original 
condition by raising the bicarbonate concentration to -02 molar. One __ a 
may conclude therefore that the. regulating power possessed by the i 
plasma is mainly due to the bicarbonate concentration of that fluid. 


VI. The reaction of the blood after hemorrhage. ) 
After the loss of one third or even more of the total blood volume, q 
the animal organism within a few hours usually is able to bring about 
a restoration of the circulating fluid to the original volume. This : 
_ Testoration takes place at the expense of the tissue fluids and evidently | 
occurs very rapidly, if one may judge from the lowering in the specific | 
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gravity of the blood which is to be observed during the course of « fairly 
the later specimens of obtained the 


ir 


"4 


N 


4 


mn CO, pressure. 


in ‘02 molar NaHCO,. 3. NaHCO, -02 molar. 


period of blending possessing a distinctly lower specific gravity than 


the earlier ones. The tissue fluid therefore which takes the place of — 
the lost plasma has a lower saline concentration than the latter. Physio- 


logical saline on intravenous injection behaves more or less like a foreign — 


substance and is fairly rapidly removed from the circulation. Evi- 


,dently when the same salt solution is given by mouth or rectum, restora- _ 


tion and maintenance of the blood volume is more readily brought 


about so that, during the process of absorption, material is conveyed 
_ into the circulation which renders the fluid entering by those channels — 
of absorption a more suitable one for admixture with the blood con- — 


stituents. There are however many factors to be considered in this 
regulation of the blood volume, for example, alterations in the capacity 


_ of the vascular system, the viscosity and the oxygen and carbonic acid 
carrying powers of the circulating fluid. The importance of the re- 
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oxygen carrier after hemorrhage is self-evident, but attention also 
requires to be directed to the subject of the reaction of the blood after 


hemorrhage as the regulation of tissue metabolism and therefore vital 
processes generally is dependent very largely upon the reaction of the 
medium. Reference is occasionally made in books dealing with the 
blood or with pathological chemistry to a diminution in the fixed alkali 
content of the blood after hamorrhage. No attention has been directed 
however to the study of the alteration in the reaction of the blood 
produced by hemorrhage by investigators employing modern methods 
for the determination of disturbances in alkalinity. 

The following experiments deal with the reaction of the blood after 


hemorrhage and also the effects produced on the reaction by the in- 
troduction directly or indirectly into the blood of sodium chloride and 


sodium bicarbonate solutions. 
As previously stated the dog’s blood plasma referred. to in Table II 
was obtained from an animal in which the effects of hemorrhage were 


also studied. The weight of the animal was 7} kilos. and from it 200 c.c. — 


or approximately one third of the total blood volume, was removed 
from the carotid artery. About three-quarters of an hour later, a 


specimen of blood (hirudinised) was taken and placed in the centrifuge. 
The plasma from this specimen, about 10 c.c., was placed in a tonometer i 
of 160c.c. capacity, evacuated and exposed to the series of gas mixtures, _ 


commencing with pure hydrogen and ending with a mixture of hydrogen 


and carbonic acid in which the partial, pressure of the latter was slightly — 


over 60mm. Table X gives the hydrion concentration values in the 
blood plasma of the same animal before and after hemorrhage. = 


X. Dog's blood plasma, 


105 7-98 46 | 300 7-51 16-7 | 525 7-28 25 1023 6-99 61-8 
After hmmorrhage 144 7-84 3-0/| 501 7-30 140 | 708 7-15 25 | 16:50 681 61-4 


Table X and Fig. 5 illustrate clearly the very evident difference in 
regulating power of the two specimens, the blood after aperenee 
showing undoubted diminution in reserve alkali. : 

It is interesting to note that the blood plasma obtained after severe 

hemordiage i is slightly stained with hemoglobin due 
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_ to the hypotonic character of the fluid ee 
tissues to —_— the blood. which has been lost. 


Cat's plasms: A: before. HL 
‘After H. 4. Cat’s plasma C 


H. 
8a. 


The effects of hemorrhage on the reaction of the blood were also 
studied in the cat. Three examples illustrating the nature and — 
of the disturbance in the hydrion values will be given. : 

From an animal weighing 2:4 kilos., a specimen of 20 c.c. itetal 
blood was received into a tube containing a small quantity of hirudin. 
Immediately afterwards 50 c.c. were withdrawn and after an interval 
of 15 minutes a second specimen of 20c.c. was taken for the deter- 
mination of the reaction after hemorrhage. The short interval of 
fifteen minutes was chosen in order to determine the rapidity with 
which the tissues parted with their fluid to compensate for the blood 
loss. The blood specimens were immediately centrifugalised and then 
kept at a low temperature until required for examination. The blood 
plasma only was examined in each case. Neither — = 
any coloration with hemoglobin. 


PH. 11. 
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Aba) Fig. 5. 1. Dog’s plasma before H. la. After : 
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Taste XI. Cat's blood plasma (A). 
poly No.2 Nos 


i gas gas 
Before hemorrhage [H']x 10°*N. 3-46 6-92 $13 
Pa 7-46 7-16 7:09 6-89 
After hemorrhage x 10-* 3-80 977 21-38 
| Pa 42 7-01 6-86 6-67 
CO, mm. 6-19 1988 3222 657-65 


- Asin the case of the dog’s plasma here also the blood after hemorrhage 
_ shows evident signs of serious impoverishment in its store of bicar- 
-bonate, so that when brought into equilibrium with a gas mixture in 
which the carbonic acid partial pressure was approximately 58 mm. 
the hydrion concentration was raised from about 13 x 10-* (the value | 
before hemorrhage) to slightly over 21 x 10-* gm. ion per litre (Fig. 5). 
This change had taken place within the very short period of fifteen 
minutes after the withdrawal of approximately one third of the total 
volume of blood, so that the compensatory passage of the tissue fluid 
into the circulation occurred very rapidly, and the fluid which first 
entered the circulation was extremely poor in reserve alkali. i 
In the case of the second animal which weighed 3-18 kilos. practi- 
_ eally the same procedure was adopted. After a specimen of 20 c.c. 
_ blood had been taken, 50 c.c. were immediately withdrawn. A period 
of twenty minutes was then allowed to elapse before taking the second 
specimen of 20c.c. blood. The blood plasma obtained from the two 


Taste XII. Cat's blood plasma (B). 


tohydrogen gas gas 
Before hemorrhage [H'}x10-°N. 116 562 1047 
704 725 6-08 
3 mm, 610 22-01 43-50 
After hemorrhage [H'])x10*N. 389 977 1445 
CO, mm. 2208 42-00 | 


__ In this case the disturbances are of the same general character as 
in the other cat. It is-evident from the graphs i in Fig, 5 that although 
hydrolysis at the lower carbonic acid pressures is similar in cats A and B — 
after hemorrhage, at the higher pressures it is less marked in. cat B. 
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specimen of 20 c.c., 60.c.c. blood were withdrawn. 


Cat’s blood plasma (C). 

Before hwmorrhage [H’]xl0*N. 1-66 616 11-22 

7-21 6-95 6-86 
CO, mm. 435 2684 65200 63-84 
After hemorrhage x 10-* N. 263 833 1685 19-05 
768 (7-03 6-80 6-72 
mm. 440 2678 652-14 66-23 


‘The displacements in hydrion concentration in this case are evi- 


dently due to the same alteration in the blood after hemorrhage as — 
was observed in the other two cases. | 


The graphs in Fig. 5 demonstrate clearly the degree of the disturb- 


‘ance. It appears as if hydrolysis were less marked at the lower 


pressures, but very slight errors in the determination of the latter 
may account for the apparent difference. It is clear however that in 
all cases, the blood after hemorrhage shows a serious impoverishment 
in its reserve alkali. As the maintenance of the normal alkalinity of 
the blood is essential in order that so many vital processes may be 
carried out under the best conditions, one may conclude that the 
organism, to some extent deprived of the important regulator of its 
reaction, must suffer as regards general tissue oxidation processes, and 


the regulation of the respiratory and cardiac mechanisms, to mention | 


only a few of the more important disturbances. 

One was therefore led to consider the best. means of restoring to the 
organism the regulator constituent or constituents which had been lost 
during hemorrhage. If, from the evidence at our disposal, we are led 
to conclude that it is simply a loss of alkali which constitutes the dis- 
turbing factor, the natural procedure would be to replace this alkali 
either by direct or indirect introduction into the blood. Before re- 
ferring however to such experiments, I wish in the first place to refer 
briefly to“the effects produced on the reaction of the blood after 
erie by the intravenous injection of a sodium chloride eration. 


Vil. Sodium, chloride snjections after hamorchage.. 
| These effects were studied in cat C. Immediately after taking the 
—_ sample of blood, which on examination showed a distinct 
18—2 
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’ decrease in reserve alkali, an intravenous injection of 60.c.c. :2 molar 


NaCl, warmed to 38°, was given, and a quarter of an hour later a third 
sample of blood was taken for investigation. The results are shown 
below. For comparison the hydrion concentrations of the same animal’s 


- blood just before the saline injection (showing therefore the effects 
of Lone? are repeated. 


Exposed No.1 . No? No.3 


Before injection 19-05 
440 26-78 52-14 65-23 


“@molarNeCL 331 1175 2042 2200 
| Py 748 69 GA 
CO, mm. 471 2678 51-18 63-40 


It is evident from Table XIV and Fig. 6 (Graphs 4a, 4b) that the saline 
injection has led to an exaggeration of the condition produced by the 
hemorrhage, as was to be — — the lowered HCO’, concentra- 
tion of the plasma. 


VITI. injections of bicarbonate after haemorrhage. 
The alkaline solution might be introduced directly into the eircula- 


tion or indirectly by rectal or other injections when the intravenous 


method might under special circumstances be inconvenient. I shall 


_ therefore in the first place give the results of intravenous injection, and — 


in conclusion very briefly refer to the results obtained by rectal 2acoiaaam 
of sodium bicarbonate. 

As in cat A the post-heemorrhagic disturbances in hydrion concen- 
tration produced by the series of gas mixtures were extremely well 
marked, the effects of bicarbonate injections may be most satisfactorily 
studied in the case of this animal. Immediately after the withdrawal 
of the specimen of the blood which was taken after hemorrhage and 
which showed the disturbances in reaction given in Table XI and Fig. 5, 
an intravenous injection of 50 c.c. -2 molar sodium bicarbonate solution 
was given. After an interval of half an hour, a specimen of blood 
(20 c.c.) was taken and the plasma investigated by the same method 
which was employed in the case of the other specimens. There was 


_ no sign of hemolysis in the specimen obtained after the bicarbonate 
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injection. For comparison the —- values of the plasma after : a 
hemorrhage are also given. | 


— 

‘ 


VIANA 


4 


ee 6. . Injection of various fluids after hemorrhage. 2a. Cat’s plasma A after H. a. 
‘ie . 2b. Cat’s plasma A after H. and then NaHCO, (intravenous injection). 3a. Cat’s 4 
j plasma B after H. 3b. Cat’s plasma B after H. and then NaHOO, (rectal injection). eS 
4a. Cat’s plasma C after H. 45. Cat’s plasma C after H. and then NaCl (intravenous a 
injection). 

Taste XV. Cat's blood plasma (A). 
Before injection [H'}x10°N. 380 977 1880 21-38 
Pu: 7-42 7-01 6-86 6-67 
Bes CO, mm. 619 1988 3222 57-66 
After injection of 


NaHCO, -2 molar Jx10*N. 224 OTT 4 

CO, mm. 471 1900 3867 659-51 
As will be evident from an examination of Tables XI and XV and 
especially of the graphs in Fig. 6, the bicarbonate injection has brought 
back the hydrion displacement graph nearly to the same position as 
that occupied by the graph of the blood plasma before hemorrhage. 
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The fact however that it has not effected complete eendotatinn of the 
reserve alkali of the blood is of interest when we bear in mind that the 
90 c.c. blood which had been removed were replaced by 50 c.c. :2 molar 
NaHOO,. If we take the original blood volume in this animal as 
240 c.c., then, even on the highly improbable supposition that the 
original blood volume had been restored in the interval which had 
elapsed since the hemorrhage, the bicarbonate injection (containing 


-84 grm. NaHCO,) ought to have raised the bicarbonate concentration 


of the plasma to a -04 molar value, even if the blood prior to the in- 
jection had contained no bicarbonate, which was of course by no means — 
the case. As the concentration had not even reached the -02 molar 
or normal value, the bicarbonate which was injected must have been 
largely removed. As regards the volume and protein content of the 


tissue fluid entering the circulation after hemorrhage the paper by 


Scott in this Journal may be consulted(15). It would have been of 
interest to determine the reaction of the urine and the effect upon the 
alveolar carbonic acid pressure before and after the injection but it. 
was impossible with the time at my disposal. ee 
_ A small bicarbonate injection was given in the case of cat C subse- 
quent to the sodium chloride injection. Immediately after taking the 
third specimen of 20 c.c. blood from this animal, an intravenous in- 
jection of 20 c.c. -2 molar NaHCO, was given, and fifteen minutes later 
the fourth 20c.c. specimen of blood was removed for examination. 
For comparison the hydrion concentration values of the plasma after — 


_ the sodium chloride injection are given along with those obtained after — 


the bicarbonate. 
XVI. Cat's blood plasma (C). 

Before injection x 10-* N. 3-31 11-75 20-42 22-00 
748 693 669 664 
CO,mm, 471 2678 5118 63-40 

‘2molarNaHCO, [H']x10-*N. 3-39 955 1608 20-42. 
701 677 6-69 
0, mm. 647 27-06 50-26 63-34 


As was to be expected the effect of the bicarbonate injection was to 


_ bring back the reaction of the blood towards the normal, but the plasma 
reaction still remained slightly less alkaline than the blood examined 


after the first hemorrhage, although more alkaline than the wed 
after the — sodium chloride injection. | 
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IX. Rectal injection of bicarbonate after hemorrhage. 

In the case of cat B (weight 3-18 kilos.) after the removal of 90 c.c. 
blood a solution of -4 molar NaHCO, was given per rectum after the 
bowel had been well washed out. It is difficult to state how much of 
this solution was actually absorbed but possibly from 70 to 100 c.c. 


The solution, warmed to 38°, was given slowly, the injection being 


spread over a period of about one hour, at the conclusion of which 
a sample of blood was withdrawn. and the plasma examined in the 
usual way. For comparison the hydrion values of the plasma after 


hemorrhage are given along with those obtained one hour — the | 


rectal bicarbonate injection had commenced. 


Tass Cabs (8). 


Before injection... [H']x10*N. 3-89 O77 144517388 
CO, mm. 724 2208 4200 59-00 
of NaHCO, -4 molar 123 «86708 
mm. 702 2264 42:80 50-20 
ti is evident that the rectal injection of bicarbonate has led to a 
much higher HCO’, concentration of the plasma than the intravenous 
injections. It is true that the solution injected per rectum was -4 
instead of -2 molar, but the important point is that by rectal adminis- 
tration of sodium bicarbonate, the reserve alkali value of the blood can 
be raised even above the normal. As the rectal administration can be 
given under conditions when it might be most inconvenient to inject 
directly into the blood, it offers a ready means of restoring alkali to 
the circulation during a period when the altered reaction of the blood 
might otherwise produce saeco effects upon the cardiac and respira- 
tory mechanisms. 
SuMMARY. 


1. The produced in the hydrion concentration of 
bicarbonate solutions by variations in the carbonic acid concentration 
were studied. It was found that a -02 molar NaHCO, solution behaved | 


in much the same way as blood plasma. 

2. The normal blood plasma of the dog showed a rise in [H’] 
from about 1 x 10-® N. to 10 x 10-® N. when the CO, pressure was 
raised from 4 to 60 mm. (approximate values). — 

3. The normal blood plasma of the cat under the same range of 
x to 14x 
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4. Human cerebro-spinal fluid behaved like 02 molar NaHCO, 
solution. | 
5. The laked blood cells of dog and eat gave (H'] values which 
-tanged from about 1 x 10-’ N. up to slightly over 3 x 10-7 N. when 
the CO, pressure was raised from a very low value to 50-55 mm. — 

4. The blood plasma after dialysis gave, when exposed to the 
various CQ, pressures, [H'] values ranging from 1:3 x 10-*N. 
1-45 x 10-* (dog) or from 34 x 10-* to 5 x 10-* N. (cat). 
i 4. The dialysed. blood cells reacted in mnch the same way as the 
susking up the dialysed pleame to 

NaHC0,, it behaved. similarly to the original plasma. | 

9. After hemorrhage there was a loss of reserve alkali whieh 
resulted in greater [H’] disturbances under rising CO, pressures than 
in the case of normal plasma, for example in the dog from 1-4 x 10-* 
| to 15:5 x 10-* instead of up to 10 x 10-* and in the cat from 
3-8 x 10-* N. up to 21 x 10-* N. instead of a rise from 3-4 x 10-*N. 
up to about 13 x 10-* N, as occurred in normal blood plasma. 

10. The injection of -2 molar sodium chloride solution exaggerated 
the condition, while intravenous or rectal administration of sodium | 
_ hydrogen carbonate brought the plasma back towards the normal as 

regards response of the latter to varying carbonic acid pressures. 


In conclusion I wish to express my sincere thanks to Professor 
Langley for granting me permission to work, unfortunately only for 
a brief period, in his laboratory and to Mr Barcroft for many valuable 


suggestions which were of great assistance to me in the ‘prosecution 
of my work. | 
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ON THE INTERNAL SECRETION OF THE SEXUAL 


GLANDS. By ALEXANDER LIPSCHUTZ, MLD., Privat- 
ene of Physiology at the Berne University. 


_ Experimenta work doné about castration of winches and of man has 
proved that the development of sex-characters and their persistence 
in the stage of ripeness—.e. internal and external sexual organs and 
the characteristic coat and plumage and so on—are dependent on the 
sexual glands. By means of transplantation and injection of extracts 
of the sexual glands different authors were able to show that the sexual 


glands. direct their action on the sex-characters through internal — 


secretion. Further on, we know by the experiments of Ancel and 
Bouin(), Frainkel(2), Tandler and Grosz(3) and Steinach(4), that 


the internal secretion of the sexual gland is performed only by a certain — 


part of this organ: the complete development of sex-characters proceeds 
just as well if the spermatic cells or the ova are absent in the sexual 
glands, for instance after the destruction through the action of X-rays. 
As regards the testis the same results were obtained by ligature of the 
vasa deferentia‘and by transplantation. It is‘the same in the case of 
cryptorchism. Consequently in the testis the interstitial cells alone 
produce an internal secretion. In the ovary it has been shown that an 
internal secretion is produced by the corpora lutea. On the view that 
the interstitial cells of the ovary arise from the theca interna or the 
granulosa of the obliterated follicles and from the corpora lutea, as 
well as on general grounds, it was to be supposed that the interstitial 
cells act like the corpora lutea’ Some experimental evidence for this 
has been given by Marshall and Runciman(s). Finally Steinach(6) 
has shown that ovaries having been exposed to X-rays and consisting 
after a certain time only of a much augmented number of interstitial 
cells, derived from atrophic follicles, are apt to bring the juvenile 
uterus and the mammae to the hypertrophied state characteristic of 


pregnancy. Steinach called the internal secreting part of the sexual 


glands the “puberty gland.” 


A series of remarkable experiments of Steinach(7) shows that the : 


internal secretion of the sexual glands acts in a sex-specific manner, 
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i.e. the male gonad furthers the development only. of male sex-— 
characters and inhibits the development of female sex-characters, 
whereas the female gonad furthers the development of female sex- 
characters and inhibits the development of male sex-characters. 
- Steinach transplanted to castrated young male rats and guinea pigs 
the ovary of their sisters: the operated animals became in weight, size — 
and in all proportions of their body like females. The mammary 
glands were highly developed and even secreted milk (only guinea 
pigs), whereas the growth of the penis was obviously inhibited. On 
the other hand young castrated female guine’-pigs increased in weight — 
and size after implantation of testes and became in all the proportions 
of their body like males. The castrated male is feminized by the 
ovary, the castrated female is masculated by the testis. Besides, the 
feminization and the masculation in the experiments of Steinach are 
also manifested in the transformation of the sexual behaviour of the 
operated animals. Brandes was able to confirm the discoveries of 
Steinach on a doe, which was and Goodaleis) on a 
cockerel, which was feminized. 

had the opportunity of making some further 
on animals operated on by Professor Steinach in his laboratory at 
the Biological Station of the Academy of Sciences in Vienna. I hope 
they bring some new evidence for the sex-specific action of the internal 
secretion of the sexual glands. 

_ Examining the external urogenital organs of a female guinea-pig 
operated on a few years ago, which showed in weight, size and proportions 

of its body and in its sexual behaviour all signs of a successful mascula- 
_ tion, I noticed the following changes(9). In the place of the little female 
urethric tubercle, as I may call the prominence with the aperture of 
the urethra of the female, there is a long fold of skin. It differs from 

a normal male preputium only by a split in the under side. On drawing 
back the preputium two red excrescences are seen, which in their : 
mutual position, in their colour and in their dimensions are just like 
normal corpora cavernosa penis. The length of these excrescences 
was about 5to8 mm. A corpus cav. urethre was absent and the aper- 
_ ture of the urethra was lying most likely at the normal place for a — 
female. No doubt, by the action of the internal secretion of the im- 
Planted testis the corp. cav. of the clitoris have grown and have changed 
— Gnto corp. cav. penis. As a corpus cav. urethr@ is absent, the developed 
_ organ gives the impression of a hypospadic penis. , 

— cay. clitrids of the masculated female 
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— one notices two spikes very similar to the horny styles, which are to 
_be seen in the cavity of the intromittent sac of the corpus cav. urethra 


of the normal male. They are protruded externally, when the penis 
of the normal male is erected. On the masculated female the styles 
differ from the normal ones in colour (being redder), in size and position. 
The last mentioned difference is explained by the absence of a corpus 
cav. urethre, by which the normal position of the styles of the mascu- 
lated female becomes impossible. 

Thus we can say that the testis has evoked a transformation of the 
clitoris into a penis-like organ in the organism of a female. This trans- 
formation is due not simply to the absence of the ovaries. The structure 
of the external urogenital organs. of a sister of the masculated female, 
castrated at the same time as the latter, does not differ from the 
normal, These observations in connection with those of Steinach 


on the inhibited growth of the penis of a feminized male are also of 


interest. from a more general point of view. They suggest that the 
homology of two organs means the possibility of a mutual transforma- 
tion either by furtherance or inhibition. 

Other observations (10) by myself i in continuation of those of Steinach 
made two years ago are concerning the body-temperature in its con- 
nection with the sex. At first.we confirmed the observations of those 
authors who had stated that the temperature of the female is higher 


than that of the male. The average temperature of the male guinea- 


pigs was 36-7° C., that of the females 37:3°C. The average temperature 
of castrated females was lower—36-9° C., whereas the temperature of 
the castrated males seems not to differ from that of the normal male, 
being 367°C. On the other hand the temperature of the feminized 
males corresponds to that of a normal female, 7.e. 37-2°C. From these 
measurements we must conclude that the female puberty gland. tends 
to increase the temperature. As concerns the temperature of a mascu- 
lated female we did not obtain definite results, having at our disposition 
only one animal. Its temperature, the average of 25 measurements 
during a month, was 36-8°C. The difference between the temperature 
of a castrated female and that of the masculated female is too small 
to derive any definite conclusions on the influence of the male puberty 
gland on the temperature. _ 

On the basis of the results of feminization and masculation 
Steinach has suggested that the organism is non-sexual until it has 
arrived at a definite stage of its embryonal development. Only after 
the puberty gland has become differentiated into male or female, the 
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: sextint differentiation of the soma begins. This point of view has been — 
lately supported by new experiments of Goodale(i1) and Pézard(12) 
on the fowl. The authors showed that the castrated hen assumes the 
plumage and the spurs of a cock, whereas it is well known that the 
castrated cock keeps his plumage and spurs. From these facts we must 
- conclude that the development of the male plumage and the spurs does 
not depend on stimulation by the male sexual gland, whereas the 
female sexual gland transforms a male-kite plumage into a female one 
and inhibits the growth of the spurs. It is the same as Goodale(1) 
has shown by feminization of a cockerel, whose ovaries were implanted. 
Thus we can consider the male plumage and the spurs as organs which 
evolve out of the characters of the hypothetic non-sexual embryonic 
form without any influence of the sexual glands. The male plumage 
and the spurs become male sex-characters, not because they result 
from an action of the male sexual gland on the non-sexual soma, but 
because the development of these non-sexual characters is influenced — 
in the female by the internal secretion of the female sexual gland. 
Considering all these facts, I have proposed to generalizethe idea suggested 
by Pézard(12) in regard to the sex-characters of fowl and to group the 
sex-characters of the Vertebrata in the following manner (13): 

(1) Sex-characters not dependent on the puberty gland or evolved 
characters of the non-sexual embryonic form. 

(2) Sex-characters dependent on the puberty gland, which evokes — 
these characters by acting on the non-sexual embryonic form by the 
means (@) of (b) of | 
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SODIUM CITRATE AND. THE ACTION OF CERTAIN: 


DRUGS UPON THE FROG’S HEART, 
MoCARTNEY ann FRED RANSOM. 


| of Medicine for Women.) | 


In a previous paper (1) one of us has shown that with the the 


presence of a in the perfusing fluid is not necessary for the development 
of the characteristic effects of adrenalin, agaricin, caffeine, digitalis, 


saponine or veratrine. In those experiments an ordinary Ringer’s 
solution was used modified by the omission of Ca. In the present com- 


munication results are recorded which were obtained when the same 
drugs were perfused in solution in @ frog’s Ringer from which Ca was 
omitted and its place taken by Na-citrate or oxalate. 

The oxalate-ion, in so far as it can penetrate cells, would precipitate 
any ionisable Ca as an insoluble salt; the citrate-ion would form a non- 


ionisable compound but this salt is to a considerable extent soluble. 
Salant and Hecht(2) have however shown that neither the precipita- 


tion theory nor the suggested formation of a non-ionisable Ca salt can 
be accepted in explanation of the action of citrate, oxalate or tartrate- 
ions upon the frog’s heart. The questior to be decided by our experi- 
ments was whether the drugs above mentioned would in the presence 
of citrate or oxalate-ions show all or any of their characteristic actions 
upon the frog’s heart. All frogs were pithed. The hearts were perfused 
in situ. The perfusion fluid entered the heart by a cannula in the inf. 
cava and left it by the cut aorta. The pressure was adjusted to suit the 
individual heart and was then maintained constant. No perfusion fluid 
returned to'the heart. The writing lever was attached to the apex of 
the ventricle so that in the tracings the upstroke represents systole. 
The frogs used were Rana temp. and the experiments were made at 
room temperature in May, June and July. The constitution of the 
Ringer used was, NaCl -6, NaHCO, -01, KCl -0075, distilled water 100; 
to which -01, -02, or -03 per cent. of Na-citrate or oxalate was added. 
Such a Cit-R or Ox-R depresses the heart. more rapidly than R-Ca. 
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The effect of perfusing with a Ringer containing -02 per cent. Na-cit 
(Cit-R) is seen in Fig. 2 A, that produced by -03 per cent. Na-oxalate is 
shown in Fig 1, together with the restorative action of ordinary Ringer. 
This figure also shows that as Salant and Hecht (J.c.) noted ordinary 
Ringer not only restores the heart but produces an increased efficiency 
very much as the addition of a small extra quantity of Oa to ordinary 
Ringer would do. : 

Adrenalin. The heart depressed by Cit-R is not benefited by the 


addition of adrenalin 1: 50,000 to the perfusing fluid, but 1: 25,000 has 
a distinct effect which is however of short duration (Fig. 2B). A 
normal heart perfused with adrenalin 1: 25,000 in Cit-R (-01 per cent. 


of Na-citrate) is first depressed then to some extent restored, but the 


restoration does not last long (Fig. 2C). Similar results were obtained — 


_ when adrenalin 1: 25,000 in Ox-R (-03 per cent. oxalate) was perfused 


pa this case the restoration was rather more pronounced than with 


_ Conclusion: the presence of citrate or oxalate-ions in the perfusing 
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fluid diminishes but does not abolish the action of adrenalin upon the 
frog’s heart. 

+ Agaricin. A normal heart perfused with agaricin ‘2 per cent. in 
Cit-R (-0l per cent Na-cit.) is first depressed (Fig. 3 A) but two mins. 
later there begins a gradual restoration of systole accompanied by the 
characteristic slowing of agaricin (Fig. 3B). The usual effect of — 
perfused in Ringer is to give a tracing strongly resembling that of 
digitalis. We did not succeed in obtaining any decided restorative 
action when agaricin was added to the perfusing fluid after the citrate 
depression had been produced. 

Conclusion: the action of agaricin upon the frog’s heart is consider. 
ably modified by the presence of citrate-ions. 

Caffeine. Perfusion of a normal heart with caffeine 1 per cent. in 
Cit-R (-02 per cent. citrate) gives a tracing which does not differ materially 
from that which the same strength of caffeine in ordinary ae would 


a Fig. 


give. There is first considerable rise of tone and increase in systole 
(Fig. 4 A) followed 2-3 mins. later (Fig. 4 B) by marked slowing. Per- 
fusing with caffeine -5 per cent. in Cit-R there is at first (Fig. 4 C) no 
citrate depression at all but eleven mins. later (Fig. 4 D) the heart beat 

has become greatly reduced. Caffeine -25 per cent. in Cit-R does not 

interfere at all with the rapid development of the citrate effect (Fig. 4 E). 
_ The addition of 1 per cent. caffeine to the perfusing Cit-R after depression 


has been produced by Cit-R alone has some restorative effect (Fig. 4 F), 


but the action is feeble and of short duration. 
Conclusion: caffeine in strong solution (1 per cent.) in Cit-R is able to 
antagonise completely the citrate-ions and to give in their presence a quite 


characteristic caffeine action. If less caffeine (-5 per cent.) is used there is _ 


at first complete antagonism but this is followed later by marked citrate 


depression. Still less caffeine (-25 per cent.) has no antagonistic effect, 


on the contrary the citrate-ions completely antagonise all caffeine action. 
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Digitale. The presence of citrate or oxalate-ions does not prevent 


the development of the characteristic action of digitalis or strophanthus. 
A true therapeutic effect followed by poisoning is seen in Fig.5 A. On 


the other hand the presence of digitalis or strophanthus does not prevent — 


the titrate or oxalate-ions from at first depressing the heart, but this is 
soon counteracted by the glucosides which apparently cannot come into 


effective action so quickly ag the ions (Fig. 5B). Nevertheless the — 
action of the digitalis group is affected to some extent by the presence of 
citrate or oxalate-ions and the absence of Ca, for if a perfusing fluid con- 
taining digitalis and citrate-ions which has begun to produce the digitalis 
effect is changed to ordinary Ringer without digitalis the effect of the — 
latter is suddenly greatly accentuated and death in systole, which would 
otherwise have taken place later, is apt to oceur at once (Fig. 5C). This 
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is apparently analogous to the action of ordinary Ringer referred to — 

above and observed by Salant and Hecht (Fig. 1). | 
We have further found that in similar experiments the action of 

squill conforms in all respects to that of digitalis and strophanthus. 


for: Cit-R + digitalis there is a sudden increase in the digitalis effect. 


This is however not due entirely to the presentation of Ca but partly to — : 
the withdrawal of the citrate-ions for if the substitution is made with 


Fig. 6 


A 


R-Ca (Fig. 6 A; a Cit-R, } Cit-R + strophanthus, c R-Ca, d Ringer) 
instead of with plain Ringer, 7.¢c. if the ions are simply withdrawn, a 
similar sudden increase in the intensity of the glucoside action is seen 
(Fig. 6 A, c) and this takes place whether the strophanthus is withdrawn 


f : _ with the ions or is continued without them (Fig. 6 B,c). The presenta- 


PH. Li. 19 


It was noted above (Fig. 5 C) that when plain Ringer is substituted 
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tion of Ca (Fig. 6A, d and B, 
still further. 


 Oonelusion: the digitalis group can manifest its characteristic effect 
on systole and tone in the presence of citrate or oxalate-ions. In com-— 
, bined perfusion the ions begin to act before the glucosides but the latter 
soon get the upper hand. The presence of the ions to a certain extent — 
checks the action of digitalis, etc. 

Saponine. The results obtained with saponine strongly resemble 
those seen with digitalis. In perfusion with saponine ‘01 per cent. in 
Cit-R (02 per cent. citrate) the depressing action of the citrate-ions 
first becomes evident, but is soon followed by the therapeutic and then 
the poisoning effects of the saponine (Fig. 7A). The restorative action 


« 


» 


| of saponine upon a heart depressed es citrate or seslasiideuen Big. 7B) 
also resembles that of digitalis. Similar results to those shown for 
digitalis in Fig. 6 are also obtained in like conditions with saponine. 

Conclusion: the effects of saponine upon systole and tone are not — 
prevented by the presence of citrate or oxalate-ions. Like digitalis — 
action 
appears first. 

Veratrine. In the presence of citrate or oxalate-ions veratrine does 
not produce a completely characteristic effect though there are indica- 
tions of its activity. There is no very marked rise of tone, the heart is 
almost stopped (Fig. 8 A) but can be restored by ordinary Ringer and — 
(Fig.8B) 


% 
ees 
<3 
> 
“aa q 
‘ 
4 ‘3 
13 
a 
a! 
ry 


DRUGS ON FRO@S HEART. 293 


Conclusion: the. action of veratrine though not entirely 
is yet materially modified by the presence of citrate or oxalate-ions. 2 


Summary. 
The presence of citrate or oxalate-ions in the perfusing fluid i is more 
23 quickly depressing to the frog’s heart than the absence of Ca. tt" 
In the presence of citrate or oxalate-ions neither agaricin 
nor veratrine produce their full effect upon the heart. 


Caffeine in strong solution (1 per cent.) — cee ze 
effect of citrate or oxalate-ions. 


Fig. 
A 


__ Weaker caffeine solutions (-25 per cent.) are antagonised by the ions. ; 

_ The digitalis group and saponine are able in the presence of citrate or q 
-_oxalate-ions to produce-their characteristic effect upon systole and tone. 
Changing the perfusion fluid from ions + digitalis to Ringer-Ca 
intensifies the digitalis effect, ¢.c. substraction of the ions oom much as 
the addition of Ca would. . ; 
The digitalis group tnd lao mpoine aot mor slowly, more 
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Salant and Hecht. Amer. Jour. Physiol. 88. p. 128, 1915, 
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THE CALCIUM AND PHOSPHORUS OF THE BLOOD 


AND A SUGGESTION AS TO THE NATURE OF THE 


ACT OF COAGULATION. By W. NEVILL HEARD. — 


Wane the opinion is sometimes expressed that the clotting of the blood 
is merely a system of proteins coagulating under the influence of the 


divalent Ca ion, the majority of observers have felt compelled to adopt , 


more complicated theories. The generally hecepted view which is 
substantially that put forward by Morawitz, is that the Ca ions, 
together with some ferment perhaps, first convert the prothrombokinase 
- into thtombokinase and that the latter body acting upon prothrombin 
in the presence of these Ca ions generates thrombin. The thrombin or 
fibrin ferment so produced then converts fibrinogen into fibrin. This in 
barest outline is the accepted view which in addition postulates the 


existence of a number of antibodies that in various ways oppose the - 


_ carrying out of the different processes in the whole act of clotting. 
_ Now while the first named opinion appears to be directly contradicted 
by certain well-established facts, such as that fibrin ferment will co- 
agulate oxalate plasma when itself free from Ca ions, the weakness of 
the second view lies in the fact that the substances it deals with are 
largely hypothetical and may be nothing more than names for processes, 
as is in poitit of fact contended by its opponents. : 


In the following paper however the conclusion arrived at is that the 


two views are not necessarily at variance and that probably the act of 
clotting in all cases is brought about by the agency of calcium, though 
the relation of “bound” to ionised calcium varies under conditions 
shortly to be discussed. From experiments upon the action of the 
alkaline earths and certain metals upon normal and oxalate blood as 
well as of trypsin solutions upon the latter, certain deductions are drawn 
_ ag to the nature of the substances in Morawitz’s nomenclature and a 
suggestion is put forward as to the manner in which thrombin converts 
fibrinogen into fibrin. It is proposed in the first place to set out the 
action of salts of the alkaline earths and of certain metals upon normal 
blood. 
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| 1A. 
3 blood=7 min. 
Gone, of sl. Ca Sr Ba Mg 
N/10 None in 20 None in 20 None in 20 None in 20 
N/500 7 7 1 
N/1000 6 7 6 6. 
N/10,000 6 6 6 
N/100,000 7 7 
N/500,000 1 6 7 
Gone ofsalt = = Co Fe" Zn Ca ay” 
N/100 None in 20 None in 20 Nonein 20 None in 20 - None in 20 
8 8 7 9 9 
N/10,000 7 7 7 ~ 1 
N/100,000 6 7 7 7 ne 
N/200,000 6 6 6 
N/400,000 he 7 6 1 1 
N/1,000,000 7 7 7 7 7 


Note. The times of coagulation were determined by the method recommended by 
Collingwood and MacMahon(1) but they refer to the period of formation of a definite 
clot, not of the first perceptible threads of fibrin. The electrolyte to be tested was added in 
@ bulk which was 1/9 that of the blood, the concentration being of necessity ten times that — 


_ in the whole which is given in the figures. 


Zn the sulphate. 


alkaline earths has little or no effect on clotting in the way of acceleration. 
Though there is some slight appearance of acceleration in low concen- 
trations of Ca and some other kations it is doubtful and is for all practical 
purposes negligible. This is entirely in accord with Mellanby’s state- 
ment (2) that in serum the Ca is in optimal concentration. 

The retardation of clotting however in the higher concentrations of — 
electrolyte is very marked, being more so with the kations of the metals 
than those of the alkaline earths, as was to be expected. This, which is 
of course a familiar phenomenon in the coagulation of colloids, is no 
doubt primarily due to overcharging. But there is further in the case 
of the metallic kations another factor, shortly to be discussed, which 


fibrin. 
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Oxalate blood =1 blood +0°51N/10 pot. oxal. 


CaCl, N/10 “No clot No clot 
” 
5 5 mins. Clot 
8 7 

N/10. No clot No clot 
4 ” 
OC ow 10 mins. Clot 
6 10 ,, ” 

8 ca 15 ” 

3 BaCl, N/10 No clot _ No clot 

4 ” ” 

5 si Nonein15mins, Small clot 

6 ” ” ” 

8 ” 

‘3MgCl,N/10 Noclot No clot 

” 

” 


Taste ITB. 


_.. The results in this table are very instructive and offer the first 


suggestion as to the nature of the clotting process. It will be seen— 


a8 previous observers have found—that in the case of the alkaline earths — 


Ca, Sr, Ba the moment the ion is present in a greater amount than the 


‘oxalate the formation of fibrin takes place and that the Ca ion is partly 
‘specific for both Sr and Ba are decidedly inferior, while with Mg no 


fibrin at all is formed. This is in accord with Mellanby’s results with 
separated fibrinogen and supports the view that the action of the Ca ion 


is largely a specific one. Further it will be noticed that none of the 
metallic kations gives any clot, a result that stands out in striking con- 


‘trast to the action of the alkaline earths. The explanation is not far to 


seek however for, as was pointed out in a previous paper(s), these metals _ 


have the power to precipitate emulsoid protein solutions whereas’ the 


alkaline earths haye not, except in salting out proportions in which 
different principles are involved. In the precipitation of an ordinary . 
‘emulsoid protein as that of — are” 


factors. 
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(1) ‘The valency of the precipitating ion—the Hardy-Whetham 
law. 

(2) The qualitative difference between i ions of the same valency— 
Posternak’s law. 

(3) The reaction of bodies! in association with the colloid, the — 


- factor which determines precipitation in medium and low concentrations — 


of the electrolyte. 

The last factor, the to's onde of 
the two preceding laws, the writer believes to be of great importance. 
In the paper referred to an attempt was made to show that the great 
differences which existed between the divalent kations in their power to 


precipitate emulsoid protein ran parallel to their power to form a colloidal _ 


precipitate with the hydrogen carbonate with which the protein is in 
association.. Thus the alkaline earths which do not react with dilute 
solutions of hydrogen carbonates do not: precipitate emulsoid protein— 
apart from salting out which as mentioned above depends upon other 
principles—kations like Mn, Co, Ni, which give only small precipitates — 

of a transitory colloidal nature are but moderately effective, while Zn and 


Cu? which give typical colloidal precipitates with hydrogen carbonates 


1 The nature of the association of the HCO, and protein cannot be precisely stated 
and is probably very complex. Possibly part is in a definitely chemical union, as in 
Siegfried’scarbamino reaction, another part is more loosely held in an adsorptive relation 
while another part is free. We have perhaps a continuous succession of stages from a 
true chemical union through absorptive to adsorptive and finally free states. The action 
of Hg proves, as was previously pointed out, that the metallic kation cannot be reacting 
with the free HCO, ion because the latter is present as NaHCO, with which this metal 
does not react in such concentrations. The Hg must react with the HCO, when the latter 
is in some carbamino state as represented by Siegfried. It is necessary to note however 
that this union is physical enough to be broken up by dialysis as is shown by Pauli’s 


original and most important observation that dialysis removes the precipitation by metals 


in low concentration. In precipitation with a salt such as CuCl, which gives two maxima 


the first. precipitate occurring in high concentrations of the salt and not removable by 


dialysis is a case where the metallic kation is probably reacting with the chemically bound 
carbamino group. The second precipitate occurring in low concentrations of the salt is 
@ case where the metallic kation is probably reacting with the HCO, ion that is in some 
kind of looser union with amino groups. 

The final proof however of the nature of the precipitate in medium and low concen- 
trations of the salt lies in the degree of reversibility of the precipitate by NH,OH. Co, Ni, 
Ag, Zn, Cd, Hg, Cu, Al’, Ce give protein precipitates with varying degrees of reversibility 
with NH,OH. some like Ag and Cu being readily reversible, others like Ce being irreversible, 
while others again are intermediate in this respect and are reversible or not according to 
the amount of NH,OH added. Now it is easy to show that this degree of reversibility is 
exactly parallel to the degree of solubility in NH,OH of the precipitate given by a solution 
of amm. carb. with the kations in question. 

* Ina previousc icati the minimal of precipitation for CuCl and Ow 
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are much more effective in precipitating protein. Moreover directly | 
all the salts in association with the protein are sigan by dialysis these — 
_ precipitates disappear, as Pauli first showed. : 


The probable mode of action is that’ the formation of the hydroxide 
or hydroxy-carbonate—it is the production of surface depending upon 
the physical rather than the chemical nature of the precipitate that 
matters—converts the emulsoid into a suspensoid system, presumably 
by the formation of a rigid body round which the fluid particles gather, 
and that then the newly formed suspensoid system is precipitated in 


the ordinary way. This at once explains why protein emulsions differ — 
from the true emulsions in being sensitive to the divalent kations and — 
also why the action of many metallic salts upon both emulsoid and 


suspensoid protein is so remarkably alike, the reason being that the 


emulsoid is first turned into a suspensoid and then precipitated, On — 
_ the other hand with suspensoid protein the colloidal nature of the pre- 


cipitate though important does not appear to be the chief cause, and a 


_ kation like Pb though giving a precipitate which is not so colloidal as 


that of some other metals is an extremely effective precipitant because 


it reacts in very low dilutions, hydrolyses, etc., whereas it is a poor. 


precipitant of emulsoid protein because of the physical nature of the 
precipitate. By means of boiling the HCO, ion in association with the 
protein becomes converted into the COQ, ion, at any rate in part, and the 


particles remain in suspension charged by these ions (see note 1 above). 
The kations of the alkaline earths then precipitate by their power to 


remove the charge conferred by the anions, cp. Pauli(4), though a review 
of the action of these as well as of the metallic kations makes it probable 


that the surface forces developed when the kation reacts with the CO, 


ion in association with the protein are important as with emulsoid 


_ protein. The great differences between the kations are probably to be 


referred very largely to the degree of colloidality of the precipitate 
formed by the given kation with the CO, ion. Now fibrinogen is in the 
suspensoid state, as Mellanby’s method of preparation shows, and for 


_ this reason Ca should precipitate it. As a matter of fact it is found that 
Ca does precipitate separated fibrinogen in alkaline solution though the - 
action is slow and prevented by the presence of sufficient NaCl. But in 


when reacting with amm. carb. was, owing to an oversight, not quite correctly 


than stated, namely at about CuCl, N/15. 


This of course strengthens the general argument for the curves of reaction of these copper 
salts with soluble carbonates on the one hand and with protein solutions on the other 


diagram. 
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the blood the conditions are more complex and the suspensoid is doubt- 
less considerably protected by the emulsoid protein so that Ca or any 
other of the alkaline earths cannot act because they are unable to convert 
the emulaoid into a suspensoid system as can the heavy metals. Fribrin- 
ogen in oxalate plasma, that is to say associated with prothrombokinase 
and the general emulsoid system of proteins, is not immediately pre- 
cipitated when Ca is added in sufficient proportions. What happens is 
that there is a somewhat slow formation of fibrin in the case of Ca and 


|g similar but even slower ‘process in the case of Sr and Ba; while with 
_ Mg there is none at all, though Mellanby found a little with separated 


fibrinogen, On the other hand with a heavy metal the suspensoid 
fibrinogen is immediately thrown down with the general protein pre- 
cipitate which forms when the salt of a heavy metal is added in the 
correct concentration. A heavy metal cannot form fibrin because for 
one reason it eae throws down the Bbtinoges: in an insoluble 
form. 

This of course merely e the: 
fibrin and gives no reason whatever for the very remarkable differences 
found between the earth alkalis. The order of their action in no way | 


- eorresponds to their position under the periodic law and it is necessary — 


to seek some quite other cause. And here the first piece of evidence as 


to the nature of fibrin formation arises, for the order in which the earth 


alkalis form fibrin is exactly the order in which they react with soluble 
phosphates to form colloidal compounds. Ca forms a precipitate in far 
the greatest dilution, Ba and Sr come next with the former active in 
slightly greater dilutions than the latter, while Mg, as is well ssa 
forms @ precipitate in concentrated solutions alone. 

This is not precisely the order in which they act upon fibrinogen— 


_. Ba>Sr instead of Sr> Ba—but when the degree of colloidality of 


the precipitate is considered the correspondence is exact, for the 
strontium precipitate remains colloidal far longer than the Ba precipitate. 
This is shown in the following table where the reaction with carbonates 
is set out for comparison, the difference being important as will be 


III A. 


PO, Copious colloidal precipitate. 
' SrCl, N/50 Colloidal precipitate less bulky than preceding, 
BaCl, N/50 Precipitate appears in colloidal form but in about five 
MgCl, N/50 No reaction. 
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N00, Ni + CaCl, Gelatinons colloidal precinisate remaining in thie state for 

| a few minutes before turning non-colloidal. 

BrCl, Precipitate almost instantly loses its blue colloidal particles 
and collapses into a fine granular state. 


particles 


but instead of collapsing entirely it retains a good 
deal of its nee 
, Mei, N/50 No reaction. 


Sinden ath abe more obvious in the phosphate series if one 
adds K.. Oxal N/30 + NaCl N/10 + NaHCO, N/35. A copious pre- 
cipitate is obtained with Ca which remains colloidal, with Sr the pre- 
cipitate is almost as colloidal, while with Ba the precipitate, also very 


copious, remains only a few minutes in the colloidal state before it loses — 


its bulk and collapses into a small granular mass of the non-colloidal 
type of precipitate. The solubility relations and physical state of the 
_ precipitate are similar in phosphates and oxalates and must be deter- 
mined very largely by a qualitative difference between the kations which 
may in part consist of an influence upon the surrounding water molecules, 
the factor which increasing from Ba to Mg appears to determine the 


solubilities of the corresponding sulphates. Other factors must help to 


bring about the varying degrees of colloidality of the phosphates, but 
whatever these factors may be it is easy to show experimentally that 
the colloidality of the phosphate series is Ca > Sr > Ba > Mg. Now 
this is exactly parallel to the action of these kations in forming fibrin 
from fibrinogen and points to the fact that in some way the phosphate 
group is involved, though the parallelism could not be regarded as con- 
stituting in itself a sufficient proof. But it is proposed to show that 
there is a totally different series of observations also pointing to the 


fact that it is the physical state of the phosphate salt that forms the 


determining factor, though, as will be seen, we are not: dealing with a 

simple process of precipitation of fibrinogen by colloidal calcium <a 
_ phate but a cleavage of the protein molecule in which organically bound 

Ca and HPO, react with one another. 


It is obvious that the crux of the accepted theory lies in the iatore 


of fibrin ferment, that is to say that substance which in the absence of 
Ca ions will clot oxalate plasma. ‘Since the considerations just put 


forward in the preceding paragraph pointed to the fact that phosphates — 
were concerned it was resolved to try the effect of trypsin solutions upon 
oxalate plasma on account of the well-known capacity of trypain to : 
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attack organically bound P. The solutions and powders used were 


those of the best known makers and in each case the proteolytic power 
of the ferment was estimated by its action upon coagulated egg-albumen. 
The two actions are set a ee 
actions sal some torments. | 


- Dilution = 1-20 in whole mixture | 
100. 
1-200 
Ne 2 ul band water 
14 
1-15 
No.3eolid 


No clot. 
gece, 


| 
F 


1 


_ Minnte trace of solid gave clot in 


Minute trace gave clot in 1 min. 
(cone. =1-1000) Larger quantity=no clot 
No.Seclid Noclot with large or small quantity 
No.Gsolid 3 | No clot with large or small quantity 


3 


_milk 


to neutral red. Before use they were made neutral to the latter indicator by the addition 


of NaHO0,. The proteolytic power was estimated by a modification of Mett's tubes. : 


It will be seen that the power to coagulate oxalate blood runs 


broadly parallel to the power to. dissolve coagulated albumen in these 


trypsin preparations, but that in those that are active there is a point 
after which an increase in the power due to increasing concentration of 
ferment leads to diminution and disappearance of the clot. The latter 


is @ familiar phenomenon in the clotting of milk by trypsin solutions 


(cone. =1-1000) _ min. Larger quantity=no 
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existence is not apparent. It occurs also in the action of trypsin upon 
ordinary blood as was recently shown by Douglas and Colebrooke(). 
Four possibilities arise: (1) the solutions act by means of associated Ca, 
(2) fibrin ferment is accidentally present, (3) trypsin is capable of acting 


as fibrin ferment just as it, with other ferments,-can act as a rennin, 


(4) fibrin ferment is trypsin under certain conditions or is one or more 
moieties of the pancreatic extract. 

The first possibility is easily disposed of. No. 1 acts when diluted 
400 times and since the concentration of oxalate is N/30 there would 
have to be in the original trypsin solution a concentration of Ca ions of 
13 N, practically a saturated solution of CaCl,. As a matter of fact 
comparative experiments showed that the Ca was present in the un- 
diluted solution at about N/40 giving in the most favourable dilution 


of 1-100 a Ca ion concentration of about N/4000. If any further proof 


were needed it would be found in the time of clotting for it was noticed 
that the clotting of oxalate blood by Ca never took place in such periods 
as 30 seconds but always occupied several minutes like that of normal 
blood. 


Coming to the second hypothesis that fibrin ferment derived from 


blood is present with the trypsin it must be admitted that it is impossible 
to give a logical disproof that this ferment is the cause of the clotting. 
_ The ferment is recognised only by its action and therefore absolute proof 
is out of the question. Nevertheless it is possible to give reasons for 
thinking the greater part of the active clotting ferment has not arisen 


from the small amount of blood in the gland which was used for extrac- — 


tion but is related to the tryptic ferment. Since Mellanby’s work we 
know that true fibrin ferment is present in the clot for a period not 
exceeding two hours and as a matter of fact a large quantity of the 
fibrin ferment disappears in 20 minutes. The fibrin ferment is not 
reactivated by acids, alkalis or alcohol and the only known way of 
preparing it is by Gamgee’s method. Now the glands used for extraction 
are taken from animals slaughtered in the usual way for food and there- 
fore can contain but little blood. The makers of both No. 1 and 2 
preparations kindly gave me the information that in no case were the 
glands used under 24 hours after death, so that only that minute quantity 


of blood which after a delay of 24 hours or more had happened to clot 


within two hours of the time of extraction of gland would be eapable of 
yielding true fibrin ferment, though it would of course contain tissue 
kinases as does Schmidt’s ferment. The improbability of such a pre- 
paration making a solution which when diluted one hundred times gave 
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enough fibrin ferment to clot oxalate plasma within 30 seconds is 
very great. It will be noticed that the rennin preparation, though an 


extract of an animal tissue containing blood like the pancreas, did not 


show that it contained even a ttace of fibrin ferment. Moreover a 
glycerin and water extract made from the adjoining omental tissues 
which contained a small but definite quantity of blood was quite in- 
capable of clotting oxalate plasma: Finally there is a distinct im- 
probability of any ferment of quite different origin being able to exist 
for long periods side by side with trypsin as would be the case, for in 
certain instances some of the liquid preparations were weeks and months 
old at the time of use. All these observations tend to show that the 


_ thiftute amount of blood in tissues is not sufficient to account for the 


phenomenon. There ate however some older experiments by Nolf(¢) 
and some more tecent ones by Dale and Wa!lpole(7) which appear to 
contradict the hypothesis about to be maintained that fibrin ferment is 
either trypsin under certain conditions or, what is more — perhaps, 


that it is a certain moiety of the pancreatic ferments. 


Nolf who investigated the effects of various tissue extracts upon 
coagulation found that while most had an adjuvant effect, doubtless 
owing to the tissue kinases, the extract of pancreas had a retarding 
effect. This he held not to be due to the ferment content but it is 
probable that Loeb was right in ascribing it to this factor. As shown | 
above, No. 1 liquid extract reached its most favourable concentration - 
for clotting when it had been diluted 100 times and that with increasing 
concentration the coagulative effect diminished until at high concen- 
trations no visible clot was formed. No doubt in Nolf’s case the extract 
was too strong. It must be admitted however that the contradiction 
with the general conclusion of Dale and Walpole that kinase not 
thrombin is produced by trypsin cannot be so readily explained. It 
must be noted however in the first place that these observers used only 
one preparation of trypsin (Fairchild) and that apparently over not 
very wide ranges of dilution. The great importance of these two points 
will appear thore fully in the following discussion and it is quite possible — 
that part of the apparent contradiction is to be explained in this way. 
Jobling’s and Minot’s results quoted in their paper point to the close 
relation of trypsin to thrombin and not only to kinase. The power of 
chloroform to destroy antitrypsin and antithrombin and liberate trypsin 
in the blood, as shown by Jobling and confirmed by Dale and Walpole, 
in combination with Minot’s observation that shaking with chloroform 
will clot oxalate plasma, is very suggestive. It in no wise proves the 
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tion, Dale and Walpole hold that the results of treating plasma with 
trypsin and with chloroform are alike:in-that kinase is produced for the 
most part: Yet in certain experiments. with the latter, No. 62 -for 
instance, thrombin was found though’not in other cases. No definite 
reasons could be given for these. variations, which serve to show how 
complex are the conditions governing the production of kinase and 


_ thrombin. Exp. 84 appears to’ be a direct contradiction of the results 


in Table IV, but it is to be noted that only that amount of trypsin which 
by previous experiment had proved.to be practically a minimum amount 
was added in two parts with half an-hour’s incubation between. Now 
it is well known that in all these surface reactions such a procedure 
greatly increases the power of the.anti-body so that one may doubt if in 
this case the minimum. amount necessary to form thrombin was present. 
It is quite probable:that kinase effects are produced. before thrombic for 
there is evidence that a weak hydrolysis of. certain tissues, as in self- 
digestion, will either produce kinase ‘effect or, increase it if one is 
already present... It will be noticed that in Table IV preparations'5 and 6 
had a weak hydrolytic but no thrombic effect. ——— 


thrombi’ effect either by inactivation at 60°C. 


It will be seen Jater'that it is probable that “trypsin” and 


“thrombin” are states rather than substances and. whereas trypsin consista of several of — : 


these states which under. ordinary conditions result in hydrolysis thrombin is one of 
these whieh under certain conditions—presence of euiliciont organic and Ca— 


dealt with here. . The older one brought forward by. Rettger.that the 
amount of clotting is directly proportional to the amount of thrombin 
added has no weight, for the rule of direct, proportionality is followed by 
ferments when very dilute, either naturally so, as with rennin, or arti- 
ficially so, as with purposely diluted trypsin solutions... And a more 
recent one by Mellanby that itis curious that increasing the amount 
of fibrinogen lowers the rate of appearance of fibrin when in the case of 
most ferments increasing the substrate also increases the product, can be 
answered from the general principles.of colloidal chemistry. It.is easy 


to show that in colloidal precipitations a. decrease in: the. colloidal con- 


3 centration up to a certain point increases the rate of appearance of the 
precipitate, doubtless owing to a fall in the viscosity and general inertia 


of the system. — that thrombin is not-only a 
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ferment but intimately related to trypsin cannot be disproved by 


adducing such « fact as that the temperature coefficient of trypsin above 
17° C. is much higher than that of thrombin, because it may very well be 
that at that temperature some condition arises which favours the hydro- 
lytic and not the coagulative effect: It is not of course possible to say 
exactly what this condition is nor is it intended to maintain that 
thrombin is to be identified simply with trypsin, but a moment's con- 


sideration will show that a rule derived from the analysis of one function _ 
of a ferment will not necessarily apply without modification to another — 


function. Since this is of considerable importance for the general 
argument which maintains that all coagulative action by ferments 
whether upon the specialised fibrinogen or upon ordinary egg-white 
albumen is essentially the same, it is proposed to give a few simple 
experiments which show the effect of OH ions upon the act of coagulation 
in these two quite different cases and then contrast the coagulative 
effect of the ferment with the hydrolytic effect when acting upon the 
same substance namely boiled egg-white.- It is true that the addition 
of the NaHCO, N/10 in the latter case did not produce the same final H 
ion concentration in the solution owing to the difference at the commence- 
ment, the egg-white used for testing the hydrolytic power being sus- 
pended in distilled water, eee 
- be the cause of the differences. — 
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suspensoid albumen by ferment action. The hydrolytic function of the 
ferment is of course not hindered but favoured by alkali though since 
the rate of destruction is increased the final result is rather complicated. 
Using NaHCO, N/25 for instance, a strength that practically inhibited 
coagulation, it was found that in 24 hours the hydrolytic effect 
on coagulated protein was about the same as where no alkali had been 
added, the increased rate of action being about balanced by the increased 
rate of destruction. OH ions have a quite different effect upon the 

coagulative and hydrolytic functions of trypsin, the reason being of course 
obvious. These ions which increase the dispersion of a colloidal system 


will naturally retard coagulation whereas the same influence will by — 


increasing the surface favour hydrolysis unless the alkali has some 
specific retarding effect upon the ferment as would be the case with 
pepsin. A number of experiments not given here showed that the 
hydrolytic function of trypsin was affected to a surprisingly smal) 
degree by changes in the OH ion concentration if this function be 
_ judged by the final results attained after 24 hours. The coagu- 
lative function on the other hand is very largely dependent on this 
factor so much so that it might be thought. at first that it was 
determined solely by this. That it is not so is proved by the fact that 
these coagula require for their full development maturation with an 
active ferment and that if the ferment solution be inactivated by boiling 
first little or no effect is observed. 
pee supposition that the effect of trypsin solutions upon oxalate 
plasma is due to thrombin derived from blood which is accidentally 
present is therefore rejected and the probability of fibrin ferment being 
a true ferment established possibilities (3) and (4) remain. These show 
_ that we are dealing with a process which is at any rate closely related to 
tryptic action, and before making any attempt to distinguish between 
these two possibilities it will be necessary to enquire rather more closely 
into what is the probable nature of the act of coagulation brought about 
_ by tryptic action, certain considerations as to the action of which in 
splitting off P taken together with the reaction of the alkaline earth 
_ metals with inorganic phosphates suggested the testing of oxalate blood 
with trypsin. 

Harden and Macallum@) found that with the phosphorus protein 


caseinogen the three ferments rennin, withania coagulans and trypsin 


all alike split off Ca and P from the molecule. The rennin split off 
insoluble P, the withania soluble P, as did also the trypsin only to a 


as much as 12-20 per cent, | 
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as Bayliss first showed. There are evidently three degrees of action, 
alike in that Ca and P are affected but differing in the mode and degree 
of cleavage. The essential fact, however, is that in all three cases the 
Ca and P atoms present i in the molecule are disturbed, and the suggestion 
put forward is that in all these coagulations whether it be that of 


caseinogen or of fibrinogen or of egg-white we are dealing with the same _ 


fundamental phenomenon however different some of the conditions may 
be. The phenomenon common to all is the disturbance of Ca and P 
whereby the chemical affinities of these atoms are aroused and surface 
forces come into action. The complexes of molecules are of a given size 
according to the degree of dispersion, and the probability is that attrac- 
tive forces are developed at the surfaces owing to the action of the 
ferment in loosening these atoms. The result will be that the complexes 
go on increasing in size until they are too large to be held in suspension, 


~ much as in salting out the increasing osmotic pull of the added salt 


causes a sudden flocking of the particles by the withdrawal of water. 
In the one case it is an external physical force which is reversible, in the 
other an internal chemical force which is irreversible. 

The degree of cleavage varying no doubt, the exact form in which 
the P again becomes bound differs, but with trypsin in the presence of 


alkali the bonds of both Ca and P are completely broken and the atoms — 


appear united as calcium phosphate. The last action may be con- 
sidered as the end of a series in which there are many degrees, varying 
from such a slight disturbance that no visible effect is apparent, through 
@ maximum where the disturbance and rebinding of these atoms is so 
balanced that the greatest coagulative effect is observed, down to where 
the presence of large quantities of trypsin and alkali causes such a 
complete freeing of both Ca and P that the complexes are unable to 
grow and coagulation again disappears. It is not to be asserted that 


no other atoms take part in this process of aggregation but numerous — 


considerations point to the fact that Ca and P are those ey 
concerned, or, at any rate, have some special importance. 

A factor that is common to all these coagulations is the relation of 
Ca to the amount of ferment. The rule which is familiar in the case of 
caseinogen is that the amount of ferment necessary to produce coagula- 
tion varies inversely with the amount of Ca ions and that if these latter 
are absent a large amount of ferment is required. That this should be 


_ 80-is at once obvious from the suggestion put forward, because the 
‘internal chemical forees which act at the surfaces of adjoining particles 


PH. LI, 20 


- Moreover when alkali was present the P appeared in an inorganic form 
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and increase their size will naturally be aided by the external coagulative 
action of the Ca ion. The following table shows this relation for sus- 
pensoid egg-white and in it the interesting fact. emerges that when egg- 
white is coagulated in the absence of trypsin the ions act in the order 
Ca > Ba > Sr > Mg, as was previously shown @), but when these kations 
are aiding the ferment and are present in only small quantities the order 
is Ca > Sr > Ba > Mg, a small difference apparently but one of con- 
Suspensoid egg-white albumen (1-40) Soon 
clear 
clear 


N/100 clear 
N/200 oes wee eee 
+ Trypsin No, 2 (neutralised) 1-100+CaCi, N/1 sl. haze 
N/50 
N/100 med. ppt. 
+Trypsin No, 2 (neutralised) 1-20+CaCl, N/1 haze 
N/20 ppt. 


N/50 
N/100 
N/200 clear 
Trypsin No. 2 (1-100) | 
MgCl, N/50... 
Susp. alb. (1-40) no ferment 
BaCl, N/25 ... sl. haze haze (2) 
In the above experiments with trypsin solutions the results were shown to be due to 


_ the ferment content for if the solutions were first inactivated by boiling the special results 
were not obtained. | 


The general relation of ferment to Ca ions is here shown and the 
increase of the coagulative effect of the ferment by the alkaline earth 
series. The ferment even if oxalated will precipitate the protein, i.e. in 
the absence of Ca ions but its power is enhanced in the order Ca > Sr 
> Ba > Mg. This is very suggestive for it was previously shown() 
and is again repeated above, that when the alkaline earths are acting 
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in the absence of any ferment they precipitate in the order Ca > Ba > Sr 


> Mg. This was ascribed to the fact that this is the order in which ' 


these kations react with the CO, ion. The precipitate with Ba is more 
eolloidal than that with Sr, and as there is every reason to think that by 
boiling many of the HCO, ions, with which the protein is in association, 
are converted into CQ, ions, the relative power of the alkaline earths is 


_ ascribed to this factor. When ferment however is present, Sr is more 


effective than Ba, a fact which as pointed out above is related to the 
physical state of the phosphate salt, the strontium salt though not 
forming at quite such low concentrations as the Ba salt is more colloidal 
and retains this state far longer. This supports what has been previously 
maintained, that the reaction of protein with metallic kations is pro- 
foundly affected by the particular anions with which the protein is in 
association. The reacting anion in the case of emulsoid egg-white 
protein is the HOO, ion, in the case of suspensoid egg-white protein the 
CO, ion and in the precipitation of the latter by trypsin the HPO, 
ion’. 

It is necessary now to apply these general considerations to the case 


of fibrinogen. In caseinogen we have a phosphorus protein containing 


Ca and since in milk free Ca ions are present a little rennin is sufficient 
to procure coagulation by disturbing the Ca and P in the molecule, 
increasing the aggregates and then precipitating by means of the free 
Ca ions. Where no free Ca ions are present, as in oxalated milk, more 
rennin is required because the aggregates must now grow larger solely 
by means of the bound Caand P. This relation it is easy to show exists. 
Moreover the fact that Mellanby (10) called attention to, namely that 
trypsin requires more free Ca than rennin to procure the same coagula- 
tion, is explainable along these lines. The powerful ferment trypsin 
produces so much cleavage that the coagulation function is diminished 
and therefore a larger quantity of Ca is required to coagulate the 
numerous small aggregates whereas rennin being only slightly proteo- 
lytic gives rise to comparatively few large aggregates that need little 
Ca. In fibrinogen however we are not dealing with a phosphorus 
protein, at least not in the body that has been extracted with alcohol 
and ether and then subjected to analysis. The phosphorus does not 
belong to the chemical entity fibrinogen but to the associated kinase 
which is closely bound up with it. Many bodies are capable of acting 

1 That is when Ca ions are present. But the trypsin can still precipitate when 


oxalated owing to its internal splitting power and when the HPO, ions are removed as 


quickly as they are formed by the oxalate or by internal recombination. 
| 20—2 
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_ ag kinases and all observers are agreed in stating that these bodies con- 
‘ tain organic phosphorus. One body normally prdsent in the blood is 
the phosphorus-containing substance of the blood plates which is prob- 
ably a phospholipin derived from the formed elements. There is 
also a nucleo-protein present which acts in a similar way, and many 
phosphorus-containing bodies, such as caseinogen or cephalin, are 
_ capable of acting as kinases. | i 
Unless the phosphorus bodies are present no clotting with Ca takes 
place, as is shown when these substances, being suspensoids, are either 
filtered off or allowed to settle in oxalate plasma. But this plasma which 
no longer clots with Ca is still affected by thrombin, the reason being in 
all probability that there is a phosphorus-containing body of the nature 
of a phospholipin closely united to the fibrinogen, as was first shown 
by Wooldridge. Thrombin can disturb the bound Ca and P in this 
compound body and cause aggregation (cp. below, p. 313). Naturally 
this phospholipin which is present in ordinarily separated fibrinogen will 
not appear in an analysis of fibrinogen, which after being carefully 
separated is subjected to the action of ether and alcohol. This at once 
explains Hammarsten’s finding that fibrinogen and fibrin are nearly 
identical chemically. It also explains why Wooldridge thought that 
fibrinogen as separated by him had more phospholipin associated with 
it than fibrin, for part of the phospholipin would have been acted upon 
by the ferment apart from any squeezing out process. : 
_ In the clotting of ordinary blood we are dealing with an instance of 
ferment and free Ca ions, in the clotting of oxalate blood by thrombin 
_ with an instance of ferment and only bound Ca, but in both the essential 
-process is the chemical affinity of the atoms Ca and P. A consideration 
of the order of action of the alkaline earths in various reactions and in 
the presence and absence of ferments suggests very strongly that the 
action is brought about through the influence of surface forces. 
The order of the alkaline earths in the presence of both thrombin and 
trypsin is the same as when they react with the HPO, ion, and since we 
know that trypsin has a special action upon bound phosphorus and that 
all. kinases contain such phosphorus the conclusion can hardly be 
avoided that this order is determined by the same cause. The suggestion 
put forward is that the first action in the case of certain ferments is a 
_ disturbance and rebinding of the Ca and P atoms, during which the surface 
_ forces connected with these atoms come into play and alter the state of 
aggregation. Later if the ferment action be continued and the ferment 
be powerful enough the Ca and P begin to be split off first in organic 
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then in inorganic form (in the pede of alkali) so that the resulting 
product contains less Ca and P than the filtrate. Fibrin however is the 
first product of fibrinogen and would therefore have the same com- 
position. The inhibitory effect of peptones and its removal by dilution 
will follow of course from the general laws of the relation of ferments 
to their products quite apart from any further question of increased 
alkalinity in peptone plasma. 

Another line of evidence supporting the theory that coagulative action 
by ferments is connected with unsettlement of Ca and P is to be found in 
the solvent action of NaCl. It will be noticed that there is a series, 
pseudoglobulin, euglobulin (? prothrombin), fibrinogen, fibrin, the 
differences between which are apparently largely physical not chemical. 
It is generally agreed that pseudoglobulin and euglobulin are the same 
as regards their protein content as are fibrin and fibrinogen. 

Albumin is chemically different from globulin in that it contains 
more diamino acids, but even here the so-called artificial globulins can 
be formed from albumin by maturation with heat. Now it: will be 
noticed that in the above series the members are characterised by re- 
quiring an increasing amount of NaCl for solution and it is suggested 
that they differ from one another—at any rate as far as their principal 
physical reactions such as coagulation—in two respects, in the amount 
of lipoid associated and in the amount of ferment action that has taken 
place (cp. note, p. 312). Inorganic calcium phosphate is to a slight 
but definite extent soluble in NaCl and it seems as if the phenomena’ 
were related to this, for in the series the members grow less soluble in 
NaCl in proportion as they contain more lipoid and in proportion as 
the organic Ca and P have emerged from the protein-lipoid complex. 
Pseudoglobulin, euglobulin, fibrinogen differ mainly in the amount of 
associated phospholipin, and the increasing amount of NaCl required 
for solution is probably to be referred to the power of this salt to hold 
apart the Ca and P atoms which are only in the earliest stages of 
disturbance. 

But when these atoms are in large numbers as in the fibrinogen lipoid 
complex and are thoroughl¥ disturbed by the ferment the result is a 
very complete reaction with the production of a certain amount of 
CaHPO, the final state. Such a substance as fibrin one would expect to 
have a definite but very slight solubility in NaCl which is of course the 
case. The formation of artificial globulins from albumin by maturation 
with heat is probably an instance of a process occurring normally in the 
blood, the only difference perhaps being that an autolytic ferment is 
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acting instead of a tryptic. The suggestion is that euglobulin is formed 
from pseudoglobulin and fibrinogen from euglobulin by the action of a 
tryptic ferment? on the lipoid complex and that increasing surface up to | 
a certain point determines further ‘association of lipoid, so that when 
these compounds are salted out there is more lipoid as we ascend the 
series pseudoglobulin, euglobulin, fibrinogen. The evidence that this is 
caused by tryptic action lies in two facts, namely, that the blood in the 
veins coming from the intestine is apt to contain more fibrinogen than 
the arterial blood and that in suppurative conditions the amount of 
fibrinogen is increased. These facts point to the action of trypsin, in 
one case from the pancreas and perhaps also leucocytes in the intestinal 
wall, in the other from the leucocytes of the blood. The slight increase 
of tryptic ferment’ causes greater action on the associated lipoids and 
fibrinogen is formed from lipoid globulin complex, the increase of surface 
resulting from this action determining a further association of fresh 
lipoid. The ferment being limited the process ceases but if there is a 
_ sudden accession of fresh ferment in large quantities the final stage of 
fibrin is reached. Now if we suppose that ferment action is essentially 
a physical state of atoms, perhaps vibration, we can understand that 
fibrin ferment, which on this view is organic molecules of Ca and P in a 
certain state, is taken up by strong NaCl from the fibrin, the peculiar 
physical state of the molecules being retained for some time and capable 
of imparting a like state to undisturbed Ca and P atoms in the fibrinogen 

lipoid complex. , 
The question of whether thrombin is to be identified with trypsin or 
_ some particular moiety of the pancreatic ferments may now be referred 
to. For reasons stated before, arguments brought forward to prove the 
plurality of substances from plurality of action are not very convincing 
nor indeed are the opposite arguments to prove unity with diversity of 
function. The whole problem appears to be insoluble with our present 
_ evidence. But Prof. Hopkins has suggested to me that it is better to 
reserve the term trypsin for that which attacks the bonds of amino-acids, 
in which case thrombin is not to be identified with trypsin. The 
suggested action on Pin the form of a phospholipin would point to the 
fact of its being the nuclease and lipase fractions of the ferment, the 
question of whether these are definite moieties or functions only being 
left open. However if the view that ferments are not substances but 


4 It is not meant to suggest by this that the action is 9 simple one easily imitated out- 
side the body. On the contrary the changes are probably only determined under the | 
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the controversy will resolve 
itself into whether these states are specific or not, in which case it seems 
as if the answer must be in the affirmative. : 


_ Lastly the following interpretation of coagulation i is given. 


Fibrinogen is a protein which is found in the blood associated with 


phosphorus-containing bodies, certainly a phospholipin and probably also 
a phosphorus protein as well as certain ions, Na, Ca and Cl, HCO,, HPO,. 
The chemical entity fibrinogen obtained after purification and extraction 
with alcohol and ether shows on analysis a composition practically 
identical with fibrin. So little Ca and P are present that they cannot 
form an integral part of the molecule. But this fibrinogen is not the 
fibrinogen of the blood which is associated with the phosphorus-containing 
lipoid prothrombin and perhaps also prothrombokinase. Dale and 
Walpole’s fibrinogen which is made prothrombin-free by BaSO, prob- 
ably resembles this artificial fibrinogen in that the greater part of the 


prothrombin has been removed. This ‘fibrinogen still clots with fibrin 


ferment because on the above theory the NaCl will have dissolved a 
portion of the organic Ca and P which is in that state of violent physical 


- disturbance we call ferment action, and this when transferred to the pro- 


thrombin-free fibrinogen will naturally clot it though it is an interesting 
theoretical point as to whether it would if the fibrinogen were absolutely 
free from all traces of organic Ca and P. It is quite understandable that 
a compound ferment trypsin would not clot such a fibrinogen for the 
active hydrolytic power would mask the coagulative, though if pro- 


_ thrombin and prothrombokinase were added in sufficient quantities it 


would no longer doso. It is a case of balance between functions, and the 
adding of more material containing Ca and P will bring out the co- 
agulative function which otherwise would not appear in the presente. of 
minimal amounts of the specific coagulating material. 


Prothrombokinase is the phosphorus-containing body or bodies before 


they have been acted upon by the ferment. 
- Thrombokinase is a general term applied to several bodies which are 
alike in containing phosphorus. There is probably a nucleo-protein and 


a phospholipin and being in the suspensoid state this compound substance 


can either be filtered off or allowed to subside in oxalate plasma. When 
this happens the plasma is no longer coagulable by Ca. The probable 


reason of this is that the prothrombin acts as a kind of sensitiser to 


convey the action of Ca and kinase to the fibrinogen i in the manner to 
be suggested under the next heading. 
——o This is a euglobulin or a globulin ae complex and 
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it is probable that it has a peculiar affinity for the fibrinogen by which it 


- attaches itself to the surface of the fibrinogen particles. 


When this compound is acted upon by much ferment (? great dis- 
turbance of Ca and P atoms) the effect is carried directly to the fibrinogen 
by means of the associated prothrombin as in the addition of Gamgee’s 
fibrin ferment. When on the other hand the amount of ferment 
(? atomic disturbance) is that naturally occurring, that is to say is very 
small, the mere addition of Ca is insufficient to activate the prothrombin © 
and this is perhaps the point which is most obscure in the present theory. 

The answer is probably to be found in a phenomenon very commonly 
witnessed in colloidal reactions, namely that the maximum precipitation 
is. reached -with 9 certain concentration of each colloid and that an 
excess of either leads to a disappearance of the coagulum. This was 
actually shown to occur with Ca and kinase by Mellanby and it is 
exceedingly likely the same principle will apply to Ca and prothrombin. 
_ If-we suppose the prothrombin is a body which is present in quite a 
small amount it is clear that the mere addition of Ca will be useless, for 
the fibrinogen prothrombin complex will be giving its maximum effect 
already with the minute amount of ferment present, and the addition of 
more of one component such as Ca will hinder rather than promote 
coagulation. The moment however we add more kinase, that is to say 
organic phosphorus, the corresponding amount of active P will be 
liberated by the small amount of ferment present until sufficient is 
reached to give a definite effect with the added Ca. This action is then 
_ added to that of the prothrombin and so passed on to the fibrinogen. — 
Interpreting this in terms of atomic vibration one can say that fibrin 
ferment being a disturbance of Ca and P atoms there is not enough Ca 
and P in the fibrinogen prothrombin complex to give an effect with the 
small amount of disturbance (small amount of ferment) already present. 
But that by adding both Ca and organic P—not one such as Ca—a large 
disturbance is set up, in other words fibrin ferment is generated. i 

Besides this quantitative factor there may be further a qualitative. 
These actions we know are peculiarly susceptible to slight differences of 
physical state, as is witnessed in the complete inability of trypsin to | 
attack emulsoid protein for a long time, and it is quite probable that 
prothrombin being in part.a lipoid may react very differently with Ca 
than does the ordinary kinase’. There is perhaps some difference here 
of the nature of emulsoid and suspensoid states and the very quality of 
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adhesion to fibrinogen, which arises from the lipoid nature of the pro- 
thrombin making it a kind of sensitiser or transmitter as suggested, may 
prevent it from reacting readily with Ca in the production of fibrin 
_ ferment or, if the theory be accepted of atomic disturbance, in the pro- 
duction of sufficient Ca and P vibration. The quantitative factor which 
Mellanby discovered for kinase and Ca is probably the chief reason 
why both Ca and kinase must be added to prothrombin to procure 
coagulation. The qualitative factor is probably the chief reason why 


prothrombin must be added to both Ca and kinase to procure cosgula- . 


tion. 
Thrombin is the ferment produced from the prothrombin by the 
action of Ca and kinase. It is perhaps to be identified with the nuclease 
and lipase moieties of the pancreatic ferments and an attempt has been 
made to explain its nature in the preceding section. 

Fibrin is a physical modification of fibrinogen induced by eile 
forces developed when the on affinities of bound Ca and P are 
brought into 


SumMMARY. 


concentrations have a markedly inhibitory effect upon coagulation of 
normal blood; in low concentrations there is little or no effect. : 

2. With oxalated blood the heavy metals Co, Fe”, Zn, Cu, Al’” give 
no clot, a fact which is ascribed principally to the power of these metals 
to precipitate emulsoid protein when the latter is associated with HCO, 
-. The alkaline earths with the exception of Mg all clot oxalate blood 
but there are considerable differences in their efficacy, the order being ~ 
Ca > Sr > Ba. | 

3. The order Ca > Sr > De Mein 
phosphate series and since there are reasons for thinking that the nature 
of the anion in association with proteins plays an important part in their 
reactions, it is concluded that the parallelism points to some causal 
connection. | 

_ 4, Trypsin solutions in certain concentrations clot oxalate blood, 
a result which is ascribed to their ferment content for definite reasons. 
Trypsin being especially active in disturbing the P and Ca in the protein — 
molecule it is held to be probable that the surface forces brought into 
action by the disturbance of these atoms are the principal cause of the 

_ ¢lotting. The action is not confined to fibrinogen but occurs with the — 
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| unspecialised egg-white albumen, and as the order in which the alkaline 
- earth kations aid the action is Ca > Sr > Ba > Mg it is concluded that 


clotting by means of the disturbance of Ca and P is a fundamental — 

phenomenon of coagulation by tryptic action. The powerful ferment 

trypsin clots fibrinogen, caseinogen and egg-white, but the weakly pro- 
teolytic ferment rennin clots caseinogen but not fibrinogen or egg-white. 


Tn all these cases the same relation is found between the amount of | 


ferment and Ca ions, and the differences observed are ascribed to 
differences of cleavage due to the action of the particular ferment and 
the relative ease with which the atoms Ca and P are reached in the 
protein acted upon. 7 

5. The process of blood coagulation is essentially a disturbance of 
the Ca and P atoms in the fibrinogen-prothrombin-kinase complex by a 
ferment, which is probably to be identified with the nuclease and lipase 
moieties of the pancreatic secretion. Definite suggestions are made as 
to why prothrombin and kinase, though both phosphorus-containing 


- bodies, must be added with Ca to fibrinogen in order to procure co-_ 


agulation. The common relation of ferment to ions exists, being in the 
case of normal blood free Ca ions and little ferment and in the case of 


oxalate blood much ferment and bound Ca only. The typical order 


Ca > Sr > Ba > Mg is observed and is held to be due to the fact that 
when these kations react with the anion HPQ, surface forces are 
developed in the order given. 

6. Finally an attempt is made to identify the substances referred to 
in the generally accepted theory of coagulation. Fibrinogen is held to 
be the end of a series albumin, pseudoglobulin, euglobulin, which on its 
physical side differs in the amount of associated phospholipin as well as 
in the degree of ferment action determining the amount of aggregation 
of the protein molecules. The necessary conditions for this action occur 


- in such organs as the liver where the phospholipin is supplied to 


form the fibrinogen complex with its large aggregated molecules in a 


_ suspensoid state. The sudden liberation of a ferment of the nuclease 
and lipase type causes still further aggregation into fibrin which does 
__ not differ chemically from fibrinogen. The difference is physical and is 


determined by the state of aggregation due to the surface forces 


developed when the errr bosad P and Ca are disturbed and 


liberated. 
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ON THE SUTURE OF SEPARATE NERVE BUNDLES 
IN A NERVE TRUNK AND ON INTERNAL 
NERVE PLEXUSES. By J. N. LANGLEY, F.R.8. anp 
HASHIMOTO, M.D. | 


(From the Physiological Cambridge.) 


Tue completeness of recovery of sensation and muscular control after 
nerve suture depends upon a number of factors. Amongst the factors 
which delay or prevent complete recovery are the following: 

1. A certain number of the fibres of the central end of the nerve, 
as they grow out, pass into connective tissue instead of into the nerve 
" fibres of the peripheral end and fail to make nervous connexion. The 
loss of central connexion so caused is to some extent compensated by the 
division of the nerve fibres which pass into the peripheral end. 

2. Some fibres of the central end though they grow into the peri- 
pheral end are unable to make functional nerve endings. This occurs 
when efferent fibres grow into afferent, or afferent into efferent. It 
almost certainly occurs to some extent also in cross union of afferent 
fibres of cutaneous sensation and afferent fibres of deep sensation, and 
_ may also occur in cross union of the fibres serving for the various forms 
of each of these classes of sensation. ; 

Evidence of a growth of efferent fibres of a muscle nerve down a purely sensory nerve 
(muscle branch of crural and internal saphena) was given by Langley and Anderson(3); 
who traced such fibres a distance of 7 cm. down the nerve. . They suggested (op. cit. 
p. 380) that afferent fibres might grow down efferent fibres and form afferent nerve endings 
which from character and position were incapable of transmitting impulses to muscle, 
_ gland or motor nerve cells. Further evidence of the growth of efferent fibres down an 
afferent nerve (posterior interosseus and radial) was given by Osborne and Kil- 
vington(5). Boeke(10) after union of the hypoglossal with the lingual has traced fibres 
down the lingual branching under and between the epithelial cells of the tongue. 

3. Some fibres make functional nerve endings but the central con- 
nexion of these fibres is different from that existing before the nerve 
lesion so that an adjustment of impulses in the central nervous system 
must occur in order to allow of co-ordinated movement. The change in 
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: the central connexion of the peripheral units is spoken of as a distortion 


of the nerve pattern, and the adjustment of impulses in the nerve 
centres is commonly spoken of as the re-education of the nerve centres. 
The re-adjustment of the nerve centres is probably concerned in the 


main with the afferent nerve impulses and there can be little doubt that 
it must vary in degree with the different forms of afferent impulses. 


As Osborne and Kilvington(7) have pointed out, the slower return 


of “epicritic” than of “ protopathic” sensation (Head and Rivers) 


may reasonably be accounted for on the view that a longer time is 
required for central adjustment in the former case. .. 
Re-adjustment of the nerve centres is commonly spoken of as if it 


were only necessary when the central end of one nerve trunk is joined 


to the peripheral end of another, for example in crossed union of the 


‘flexors and extensors, but it is obvious that it is necessary to a greater 
or less extent after suture of any nerve trunk, since there is always 
some spreading out of the central fibres into new areas. The crossing 


of the nerve for the extensor digitorum communis with that for the 


-tibialis anticus—both of which are in the same nerve trunk—would 


cause at least as much disarrangement of co-ordinate action as crossing 
the extensor and flexor nerves of the limb, which are in different nerve 
trunks. Since, as Sherrington has shown; the reciprocal action of 
antagonistic muscles is regulated mainly by the afferent fibres of the 
muscles, total crossing of flexor and extensor nerves may involve rela- 
tively little central seas inteampana as regards simple flexion and extension 
movements. 


think, that central re-adjustment is a cause of delay in recovery, i.e. that it does not occur 


‘simultaneously with the formation of new nerve endings. There are, however, no satis- 
factory data as to the extent of the delay. As we have said above re-adjustment is re- 
quired whether a nerve trunk is sutured or cross sutured, and experiments have only been 
made on nerve trunks. As regards these no certain difference has been noted in the 
time of recovery of the relatively simple movements of walking and running, but more 


attention has been paid to cross suture than to suture. A few observations of the time 
_ of recovery of fairly complex movements on cross suture have been made by Kennedy (2), 


who gives also an account of earlier observations, and by Osborne and Kilvington(8), 
but we do not know of any experiments on simple suture with which they can be strictly 


compared. Kennedy(2) compares two cases of cross suture with one of suture, but the 


latter was only observed for about three months. The early stages of recovery, it is to 


be noted, are difficult to interpret, since some degree of movement must occur as soon as 


nerve fibres have made functional connexion with the muscle, and crossed fibres soon make 
some connexion. Kennedy in a recent interesting paper (11) comes to the conclusion 


that extensor and flexor muscles’ recover earlier if joined to extensor and flexor nerves — 
Tespectively. He‘ leaves it an ‘open question whether central adjustment has anything 
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to do with this. But in any case, if the conclusion is justified, it supports the view that 
distortion of nerve pattern is a cause of delay in recovery. 
Kennedy(1) has stated that twisting a nerve has no appreciable effect on the rate 


of recovery. In three experiments on dogs, the sciatic was cut at the trochanter, twisted 
180° and sutured; this it will be noticed is nearly equivalent to cross suture of the peroneal 
and tibial nerves. Recovery was said to begin on the seventh day and to be practically 
complete on the 14th, 19th, and 2st day respectively. Although in favourable ciroum-— 


stances @ rapid partial recovery may take place, we are unable to accept the rates given 
in these experiments, and it may be noted that Kennedy in his later papers has laid 
considerable stress on the difficulty of interpreting the symptoms following section of the 


sciatic in the dog. As we shall show below, ee eee 


4° A further cause of delay i in complete recovery, and perhaps of 
prevention of it, is that single fibres may divide and the branches pass 
to different muscles in the case of efferent fibres, and to afferent nerve 
endings in different regions in the case of afferent nerve fibres. In each 
case there must be disturbance of co-ordination, and, far as can be seen, 
the disturbance cannot be remedied except by degeneration of the 
neurone, 

of an axon reflex in regeneration, and the not infrequent formation of more than one 
peripheral fibre by the central end of a cut nerve fibre. Instances of an axon reflex have 
been given by Langley and Anderson(3), after union of the central end of a branch 
of the crural nerve running to muscles with the internal saphenous nerve. The question 
has been dealt with more fully by Kilvington(4) and Osborne and K ilvington (5,6). 
They experimented on the union of (a) the internal popliteal. nerve with the peripheral 
ends of the internal and external popliteal nerves and (b) the musculo-spiral nerve with 
the peripheral ends of the radial and posterior interosseus nerves. 

‘In the cases so far mentioned there was more or lees cross suture of nerve trunks. 
Osborne and Kilvington(6, 7) also give cases in which an axon reflex was obtained 
from the external popliteal after simple suture of the sciatic, and from the radial after 


suture of the musculo-spiral perve. The following experiment shows that an axon 


reflex may be obtained after suture of the peroneal nerve. In a cat, we cut and sutured 
the peroneal nerve where it crosses over the gastrocnemius muscle; 2 months later the 
nerve was cut above the point of suture, the musculo-cutaneous nerve cut at the ankle 
and its central end stimulated; the stimulation caused contraction in the upper end of 
the tibialis anticus muscle. Stimulation of the peripheral end of the nerve had as usual 
no effect. In fact, whenever a nerve which contains fibres for more than one muscle is 
sutured, there is  risk-of some dividing fibres running to more than one muscle. There 
can be no doubt that there is also a branching of afferent nerve fibres like that which 
occurs in efferent nerves. 

It must be noticed that since in regeneration the numbers of fibres which divide and 
supply two muscles is small relatively to those which run wholly to one muscle, the 
existence of the former cannot prevent movement but only causes a certain amount of 
resistance to it. 3 


The foregoing causes of delay in complete recovery after nerve 


suture are generally recognised, though there is very little agreement — 
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: as to the absolute or relative degree of importance to be attached to 


+ 


them. They fall under two heads; first lessening of central connexion, 
which may be due either to nerve fibres growing into connective tissue, 
or to a crossing between afferent and efferent nerves; secondly, distor- 
tion of nerve pattern, due to nerve fibres forming peripheral connexions 
different from the normal. The two may be included in the terms 
“disturbance of nerve pattern.” 


Since most nerve trunks contain efferent and afferent fibres for 
several ‘muscles and nerve fibres for the skin, it is obvious that on — 


suturing them the chances of lessening of central connexion and of 
. distortion of nerve pattern are considerable. 

Further in the peripheral part of nerve trunks the nerves a the 
différent muscles have become arranged to a greater or less extent in 
different bundles, so’that in suture there is a chance of nearly all the 
fibres originally passing to one muscle growing down the nerve to a 
different muscle and to an interchange of muscle and cutaneous nerves. 

The following experiment on a cat may be given in illustration of the 
latter points. In it, and in other experiments, chloroform was first 
given, then a.c.z. by tracheal tube and usually urethane. 

The peroneal nerve was exposed a little above the spot where it 
dips under a slip of the gastrocnemius muscle, i.e. before its division 
into anterior tibial and musculo-cutaneous nerves. It consisted to the 
eye of seven small bundles arranged side by side as in Fig. 1a; these 
were isolated, tied, and the peripheral ends stimulated, after isolating 
the extensor muscles of the leg. The isolation of the nerve filaments in 
this and in other experiments was effected by picking up the epineurium 

-with very fine forceps and cutting it through with sharp small scissors 
meeting well at the points. Each nerve bundle was found to supply 
& separate region. We may take the bundles from the outer to the 
inner border. No. 1 caused contraction of the upper part of the tibialis 
anticus muscle; No. 2 of the extensor digitorum communis, No. 3 of the 

lower part of the tibialis anticus, No. 4 of the peroneus quinti digiti 
and the peroneus brevis; Nos. 5 and 6 had no muscular effect on the 


leg or foot, ¢.e. they were purely afferent; No. 7 which ran obliquely 


over the lateral bundles caused contraction of the peroneus longus. 
In Fig. 16 we give a diagrammatic sketch of the dissection of the 
peroneal nerve bundles in another cat, starting somewhat peripherally 
of the region stimulated in the experiment. The parts of the nerve 
are separated from one another and the n. peroneus longus placed 


_ parallel with the cutaneous bundle. The nerve for the peroneus quinti 
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dig. and per. brevis was in this case on the antero-external side of the 
cutaneous bundle and hasbeen drawn on the external side eee 
Commonly it is on the antero-median side. 7 
In the foregoing experiment the high degree of fevitability of the 
bundles indicated that they had not been damaged in the process of 
isolation. It follows that they could have been sutured separately 
though their small size would have made it a difficult operation. In such 
a case as this, separate suture of the nerve bundles would reduce to a 


+ 


| 
Pl. 
E.d.c. 
Pq.d. 


(2) 
Fig. 1. (0) of peroneal nerve (ct) cen in prliminry in he 
experiment given in the text. 


_ where it passes under a slip of the outer head of the gastrocnemius (cat), 1. For upper 
part of tibialis anticus. 2. For extensor dig. comm. 3. For lower part of tibialis 
anticus. 4, For peroneus quinti digiti and per. longus. 3. Cutaneous portion of - 
musculo-cutaneous. 6. For peroneus longus. Lettering as in Fig. 2. ts Seaa 


minimum both distortion of the nerve pattern, and interchange of — 

muscle and cutaneous fibres. The result suggested an investigation of 
the nerve bundles in the proximate part of the nerve in order to see in 
what length of nerve trunk separate suture was possible. The facts 
noticed led us to make comparative observations on the tibial nerve of 
the cat, and on the sciatic of dog, goat and man. We are indebted to 
_ Dr Shore for a fresh sciatic of man, and to Prof. Macalister for two 
specimens from the dissecting room. A further comparison with the 
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NERVE SUTURE AND PLEXUSES. 


_ nerve bundles in the sciatic of man was made possible by an account 
published by Compton(12) whilst our investigation was in progress. 
We may recall some known facts with regard to the structure of the 


; _ selatic nerve in man. It consists of bundles or funiculi which are © 


characterised by having a perineurial sheath ; they are joined together by 
epineurium and so form the nerve trunk. In parts of the nerve trunk the 
bundles have communicating branches and so form a plexus, The 
peroneal and tibial divisions of the sciatic, however, run a separate or 
almost separate course and not infrequently they arise separately from 
the lumbo-sacral plexus. The nerves given off from a nerve trunk to 
run to muscles rarely, if ever, have communicating branches with other 
nerves, they divide on their course and form a plexus in or close to the 
muscles. The cutaneous nerves given off from a nerve trunk run a 
separate course for some distance but usually form a plexus with other 
cutaneous nerves near the periphery. 


century. A figure of it is given in Blandin’s edition of Bichat’s Anatomie Générale pub- 
lished in 1832. Sch&fer(9) describes the funiculi of a nerve as constantly branching 
and uniting with other funiculi so that it is impossible to tease out a single funiculus for 


any distance. 

We shall speak of the plexus whether occurring in a nerve trunk or 
in a branch proceeding from it, as an internal nerve plexus. Our method 
of treating the nerves of lower animals for dissection was, as a rule, to 
place them fresh from the body in 30 p.c. alcohol containing 1 p.c. 
acetic acid; in this the epineurium swells up and the nerve bundles are _ 
easily followed. Occasionally the smaller nerves were placed in 1 p.c. _ 
osmic acid for a day, washed well, and kept in 30 p.c. alcohol until 
examined. The nerves of man were placed in 75 p.c. alcohol for a few 
days, kept in 30-50 p.c. alcohol and the epineurium cut away piece by 
piece. 

In a nerve trunk, even in one of small size, the epineurium is not 
usually in equal amount between the nerve bundles but is disposed so 
as to divide them into groups. The epineurium between the bundles 
in @ group varies in amount and sometimes it is so small that the con- 
stituent bundles are not seen under the dissecting microscope. A group 
is often formed by the division of a bundle, the branches remaining in 
close apposition. Two or more bundles joined more closely than the 
rest we shall speak of as a bundle group. Not uncommonly the bundles 
of a bundle group form a plexus although there i is none in the’ same 
region between groups. 
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-. In all our cases the two divisions of the sciatic diverged in the upper 
part of the popliteal space. As this is the usual point of divergence we 
‘may speak of the peroneal and tibial divisions of the sciatic above this 
point as the sciatic peroneal and sciatic tibial. The rest of the peroneal 
division we shall speak of as the peroneal nerve, only using external 
7 popliteal when it is necessary to eT that the tes piste of the 
- nerve is referred to. 


In the experiment given above (p. 321) the peroneal.nerve in the 


lower part of its course consisted, as we have said, of seven bundles 


supplying different regions; the outer three went to make the anterior — 


tibial nerve, the median four the musculo-cutaneous nerve. But the 
number of bundles at corresponding points varies in different cats. 
This depends chiefly on the point at which the single bundles divide 
and form bundle groups. In the case given in Fig. 1 6 of the peripheral 
course of the nerve, four of the primary bundles shown in Fig. 1 had 
divided, and the cutaneous branch for the foot instead of consisting as 
in Fig. 1 a of two bundles separated by obvious connective tissue, con- 
_ sisted of three bundles very slightly separated from one another. There 


is, however, no special difficulty in recognising the nerves for the separate | 


muscles and in distinguishing these from the cutaneous branch of the 


_ mausculo-cutaneous nerve, if the nerve is exposed for 1 to 2cm. In 


the lower part of the nerve trunk, the nerve to the per. longus can be 
_ told by its running obliquely across the other nerves (cp. Fig. 2). 

On tracing the bundles centrally it is found that they join to make 
three bundles or bundle groups. One consists of the nerve supplying 


the tibialis anticus muscle, the extensor: ‘digitorum communis and of 


the branch of the anterior tibial nerve running to the foot. Another 
consists of the cutaneous fibres of the musculo-cutaneous nerve. The 
_ third supplies the peronei. The bundles of the first of these groups join 


to make a single bundle before entering the nerve trunk, so also do — 


those of the third group. The cutaneous bundle group varies consider- 
ably in its internal structure ; it may join the trunk of the nerve as two 
‘or as several bundles; there is a plexus somewhere in the upper part of 
its course; in the lower part it usually consists of four closely united 
bundles with very few cross connexions. Three variations are shown 
in Fig. 2, the bundles being separated from one another. 

There are also variations in other details. The point of union of the 
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nerve runs over the gastrocnemius muscle. The union of the bundles 

_ to form the nerve trunk may be anywhere in the popliteal space. In 
_ joining the trunk, the position of the cutaneous bundle and of the 
/bundle for the peronei varies; usually the cutaneous bundle is in the 


Fig. 2. Three variations in the nerve bundles given off by the peroneal nerve in the cat. 
In (@) rings are placed round the bundle groups into which the nerve divides, in the 
normal state the bundles are close together. 7'.a, nerve to upper end of tibialis 
anticus. Z.d.c, n. to extensor digitorum communis. .7.a, n, to lower part of 
tibialis anticus. Ani.t. anterior tibial n. to foot. C. cutaneous branch of musculo- 

 @utaneous n. Pl. n. to peroneus longus. P.g.d. n. to peroneus quinti digiti. 
2. to peroneus brevis. 


middle of the posterior surface and the bundle for the peronei in the 
antero-median surface. In one point we have found no variation, viz., 
that the trunk of the nerve consists of a single bundle. As regards the 
peripheral course of the nerves, it need hardly be said that the nerves 
for the peroneus quinti digiti and peroneus brevis run with the cutaneous 
| 21—2 
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branch of the musculo-cutaneous nerve. The two are closely connected — 
in this part of their course, forming a bundle group but they have no © 


communicating branches, and can be separated from one another. - 


have seen to the ankle joint. 


General description All otherwise 
mentioned are drawn from the posterior surface, but since the bundles 
_ are separated from one another and spread out in one plane, the figures _ 


give to a slight extent only the normal position of the bundles. — 


In the rabbit and dog the peroneal nerve in its proximal part is formed _ 
of a single nerve bundle, and, as in the cat, it divides into three bundles 
or bundle groups. In the cat, so far as we have seen, the nerve for the - 
peroneus brevis always comes off from the trunk in common with-the 


nerve for the peroneus longus. This is not constant in the dog and is 


infrequent in the rabbit. In the rabbit it arises as a rule from the - 


musculo-cutaneous bundle, in the dog it may arise by one branch from 
the musculo-cutaneous nerve and by another from the anterior tibial 


_ (ep. Fig. 9a). Whether the nerve fibres for the per. brevis join those 


of the per. longus in the trunk of the nerve we have not investigated. 


In the goat the peroneal nerve consists of a plexus (cp. below), from — 
this arise three bundle groups of the same constitution as in the cat. 


- Compton describes the peroneal of man as consisting of three 
bundles in addition to the peroneus cutaneus, which we may omit since 


" it arises from the sciatic peroneal. In the two cases we examined, the 


“‘bundles’’ were bundle groups. We may conclude that from the point 
of view of internal structure the peroneal nerve in - mammals divides 
into three bundles or bundle groups. 

Since in the cat and goat, and sometimes in the rabbit and dog, we 
had found that the nerve for the peroneus longus and peroneus brevis 


came off from a common bundle, we traced the origin of the n. peroneus" 


brevis in one case in man; in this the superficial origin of the nerve was, 


as usual, from the musculo-cutaneous nerve a considerable distance 


from the point where the nerve to the peroneus longus left the peroneal ; 
we found that there was no nervous connexion between it and the 
cutaneous bundles and that it arose from the same bundle group as the 
peroneus longus (ep. Fig. 3a). Professor Macalister—who has been 
kind enough to give us the advantage of his knowledge on a number of 
points—tells us that the nerve for the peroneus brevis sometimes comes 


off direct from the nerve to the peroneus longus. Thus in man the three 
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constitution as that described above in the cat and goat. 


4 7 Compton desoribes the bundles as lying side by side in the lower part of the peroneal 


nerve and as changing their positions in the upper part; the n. peroneus longus being on 
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g Fig. 3. Bundle groups of peroneal nerve of man and their origin from a plexus in the 

ey popliteal region. Two specimens are shown, it will be seen that the details of the 
plexus differ considerably. The bundles of the bundle groups below the general 
plexus are not isolated except in the group for the peronei in (a). The groups are 
arranged in the way most convenient for showing the plexus. Ant.t. anterior 
tibial bundle group. PP. group for peronei. CC. cutaneous group. /P.l. nerve 
for peroneus longus. P.b. nerve for per. brevis. 


the posterior surface, beneath this the musculo-cutaneous and beneath this again the 
anterior tibial. In our specimens, in the upper part of the peroneal the antero-tibial group 
was antero-external, the position of the two other groups was not constant. The formation 


of the bundle groups occurred about 2:5 cm. from the divergence of external and internal _ 
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divisions of the peroneal nerve have sometimes at any rate the same 


4 
4 
4 
j 
thi 
a 
. 
| Se 
. 
} 
i 
\ 
\ 
2 
\ 
(a 4 
‘wa 
| 
| 
HY 
\\ 
a \ \ ae 
| 
\ 
> An t. x 
4 
\ 
aif 
Am 
2; 
: 
45 


J..N, LANGLEY AND M. HASHIMOTO. 


“The internal structure of the sciatic peroneal nerve. 
In the rabbit, cat and dog the sciatic peroneal in all the cases 


examined consisted of a single nerve bundle, except that occasionally — 
in the cat the division into three bundles spoken of above occurred in 


its extreme lower portion. 
In the es the plexus. which is present in the upper end of the 


Fig. 4. Sciatic peroneal of | 
goat in the upper part of 
the intermediate region, 
_ and the lower part of the 
* proximal plexus. 1, 2,3 
the three bundle groups. 
©’. cutaneous’ nerves, 

_ lower two traced through 
the biceps to the skin. 


external popliteal nerve continues for a short 
distarice in the sciatic peroneal, The com- 
municating branches are numerous. Above 
this region is one in which there are a large 
number of bundles—more than a dozen—with 
only a few communicating branches (Fig. 4). 
The bundles are arranged in three to five 
bundle groups, and there is some plexus form- 
ation between the bundles of each group, but 


_ little or none between the groups themselves. 


In the proximal part of the nerve trunk there 
is a fairly close plexus (Fig. 4) and the bundle 


groups which lower down are separate, become | 


more or less connected. 
Thus in the sciatic peroneal nerve of the 
goat there are three regions, one in which there 


is a close plexus—the lower or distal plexus; 
this continues on for a short distance in the - 
external popliteal nerve. Above this is a region 
in which there are bundle groups with few or _ 


no connexions between the groups but with 
some connexions between the bundles forming 
each group; this may be called the inter- 


mediate region, it is not sharply marked off — 


from the region above and below it. Above 
this is a plexus—the upper or proximal plexus 
—in which the connexions between the bundles 
are less close and less numerous than in the 
lower plexus. Taking the nerve as a whole 


there is no part longer than a centimetre ‘OF 80 in which there is no 


plexus. 


In the cat, dog and goat the sciatic peroneal gives off two or more — 
nerve filaments which run through the oe to the skin (ep. p. $85). 
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Whether any of these supply the muscle and correspond with the — 
peroneal nerve to the femoral head of the biceps in man, we have not 


determined. 


In man the connective tissue sbiiiae the bundles of the sciatic nerve 1: 
varies in amount. But it is greater than in the goat and the course and 


_ connexions of the bundles cannot be properly followed except by cutting 
it away—a long and tedious process. As in the goat, three regions are 


present in the sciatic peroneal of man; relatively, however, the upper 


plexus region is longer and the intermediate region shorter in the latter. 
The bundles of two sciatics were dissected in the whole course of the nerve. 


The following data may be given of one case. From about the lower 


edge of the pyriform muscle to the divergence of the peroneal and tibial 
nerves (upper part of popliteal space) the distance was about 34 cm. 


The dense lower plexus of the external popliteal nerve continued 


upwards in the sciatic peroneal for about 5 cm. 

Above this was a stretch of about 11 cm.—an intermediate region— 

in which the plexus was relatively slight. In the lower 8-9 cm. of this 
the bundles formed two large bundle groups, each consisting of smaller 
ones. With the exception of one small bundle group the groups 
exchanged few bundles, had few communicating branches, but their 
constituent bundles formed here and there a plexus. 
Just above this intermediate region, the several bundle groups 
formed a fairly close plexus, and there was plexus formation in most 
of the rest of the nerve trunk; it was broken by a short stretch in 
which the arrangement was like that of the intermediate region. 

The nerve to the short head of the biceps ran a long course (16 cm.), 
at first at the side and then on the anterior'surface of the trunk and arose 
from the uppermost part of the plexus (cp. Fig. 10 B). 

In the other specimen the arrangement was essentially the same, 
though the intermediate Was a longer, and the 
formation rather less. 


The tibial nerve and its branches. 
The posterior tibial nerve of the cat and dog below the nial 


nerves for the leg consists of two bundles or bundle groups and, so far 
as we have seen, these have no communicating branches between them. 
The mass of the fibres of each bundle group runs on into the external. 
(lateral) plantar nerve, and that of the other bundle group into the 
internal (medial) plantar nerve. They give off, of course, also articular 
and cutaneous branches; but we may for eT call them the internal 
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and external plantar groups. In each group the bundles in their 
peripheral course divide, have some communicating branches, and here 
and there unite. The external plantar group is formed of fewer bundles 
than the internal plantar and it may be a single bundle for a considerable 
part of itscourse. The details vary, ee } 
animals in Fig. 5. 


Fig. 5. Posterior tibial nerve. (a) "Dero. tn: the‘ tad, (c) A form in the 
es dog. 2#.p. external plantar group. J.p. internal plantar group. C.p. caloaneo- 
about 2} centimetres are cut ont of the apper part. 


| “In the goat also the posterior tibial nerve consists of an external and 
; _ internal plantar group. In the case most completely examined (Fig. 6), 
the external group just below the muscle nerves consisted of three bundles 
and the internal group of five bundles. There were two slender bundles 
running from one of the bundles of the one group to one bundle of the Al 
other, apart from this they ran a separate course. In each group the 4 
fibres divided | on their way down the leg forming in each ebout a dozen ‘ 
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bundles. The bundles ran a fairly isolated course, but there were a few 
communicating branches and the secondary bundles here and there 
reunite. 

We have not paid much attention in dissection of any of the animals 
to the afferent branches but in the cases examined the calcaneo-plantar 
nerve came off from the internal plantar group. Near the ankle it forms 
a more or less separate bundle group. 

In order to determine the practicability of isolating the nerves in the 
trunk we made two experiments on the cat and one on a small dog. The 


connective tissue between the groups is small so that it is not very easy — 


to distinguish groups from bundles, or to isolate them without injury. 
In each case three bundle groups were isolated, 4-5 cm. above the 
ankle, two of them gave the characteristic effects of the external and 
internal plantar nerves; the third in two cases was purely afferent, in 


the other case it caused slight muscular contraction, which ceased on 


‘separating a small filament from it. 


Fig. 6. Posterior tibial nerve of the goat from a little below the origin of the 
muscle nerves down to the ankle, 


The posterior tibial of man in the greater part of its course consists 
of two bundle groups as in lower animals; each is made up of 6 to 7 
bundles which are considerably larger than in the goat. So far as we 
have seen there are no communicating strands between the bundles, but 
from the analogy of the arrangement in the goat, we may expect that 
a few sometimes are present. In each group there is a slight plexus 
formation between most of the bundles. The connective tissue between 
the groups is not great, but after slitting up the epineurium it was, post 
mortem, fairly obvious. In the upper part of the posterior tibial the 
muscle nerves given off by it run a separate course in the trunk, these 
and the plantar bundle groups join into a common plexus in the internal 

popliteal. 

In the cat and dog the internal popliteal nerve is usually formed of 
a single nerve buridle except where peripheral nerves run in the sheath 
before diverging from it. . The plantar bundle groups, the muscle nerves 


given off by the posterior tibial, the nerves for the popliteus and plantaris | 


muscles, enter the single bundle close together (Fig. 7). 
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In the goat, the internal popliteal consists of many bundles forming 


a close plexus. Into this plexus run the plantar bundle groups, and the, 


nerves 8 for the muscles just mentioned. The muscle 1 nerves arise chiefly 


\\ 


Fig. 7. | Entrance of peripheral nerves into the single bundle of the sciatic tibial nerve 
of the cat and dog. The gastrocnemius, soleus, and cutaneous nerves are separated 


from the nerve trunk and drawn to one side, — 


(a) Cat, (b) Small dog. 2.8. external saphenous nerve (sural). G.i. nerve for 


_ inner head of gastrocnemius. G.o. for outer head. S. for soleus. Pi. for plantaris. 
Fl. for dig. com. T.p. for tibialis posticus. Pop. for popliteus. 2.pl. external 

the skin. Other lettering as in Fig. 2. 


from the anterior surface of the lela: the nerve for the plantaris 


coming off from the plexus higher than the rest (ep. Fig. 9 5). 


‘In man the general st taal is ‘as in the goat; since the muscle 
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nerves anni those for the gastrocnemius and the main part of the soleus’ 
arise fairly close together from a common plexus we need not consider 


them in detail. 


itera of th nd of 
muscle nerves. 


The sciatic tibial of the cat and dog, as the internal popliteal, usually 3 


consists of a single bundle except for the peripheral nerves running in 
it. The nerve for the outer (lateral) head of the gastrocnemius and 


the whole supply of the soleus, come off from a common bundle; this: 


bundle—tracing it upwards—sometimes joins that of the inner (medial) 
. head of the gastrocnemius (cp. Fig. 7 a) and the conjoined nerves run a 
variable distance upwards—it may be 3 cm. or more—as a single bundle 
in the tibial trunk; sometimes the two nerves enter the trunk separately 
(cp. Fig. 76). The common bundle when of any length, or the nerves 
to the two heads of the gastrocnemius; since they are on the posterior 
surface of the trunk can be isolated fairly easily. 

In the goat, the arrangement of the nerves for the ganthosiiauntas and 
soleus (Fig. 9 5) is like that in the cat and dog, but the common bundle 
group has a longer separate course in the trunk of the nerve, and the 
nerves join the plexus which continues ~~ from the posterior tibial 
nerve. 

In man, in our three cases, the nerve for the inner head of the gastro- 
cnemius and that for the outer head and soleus could be followed for 
9-10 cm. on the posterior surface of the nerve trunk (internal popliteal 


and sciatic tibial). In part of its course it may be covered by the tibial © 


saphena (medial sural cutaneous). In two cases the nerves were joined 


into a common bundle in the upper part of their course; in the other 


they ran separately, the nerve for the outer head running rather farther 


up than that for the inner head. Although the nerves enter the plexus © 
chiefly in the upper part of their course, they give small filaments to it 


at several points below (cp. Fig. 104). 

The sciatic tibial of the cat and dog usually, as we have said, consists 
of a single bundle. We found one marked exception in a cat weighing 
3-5 kilos. The nerve consisted of two or of three main strands forming 
a plexus (cp. Fig. 8). It will be noticed in the figure that there is 
elatively little bundle or plexus formation below the origin of the 
nerves to the gastrocnemius and soleus, but that there is a fairly close 
plexus in all the regions above this. The hamstring nerves-arose from 


ic 


’ 
ies 
= 
: 
; 
a 
; “a 
= 
| | 
My 
> 
1% 


334 J, N. LANGLEY AND M. HASHIMOTO. 


the plexus in the most proximal part of the trunk. We had expected 


to find a similar plexus formation in large dogs, but in the one we 
examined the nerve consisted of a single bundle except for about 

a centimetre where it consisted of two bundles. 
pons: | In the goat the sciatic tibial has no definite 
DY intermediate region corresponding with that of 
Hh “4. the sciatic peroneal. But the plexus is less for 
a short distance below the origin of the nerves 


one centimetre of its length, but breaks out 
first in one group and then in another. It is 


and in a portion of the upper part of the nerve 

‘ trunk that all the bundles have communicating 
fibres close together. 

In both our specimens of the sciatic tibial of 

man the tibial saphena (medial sural cutaneous) 

r.¢ Wassmall. The details are no doubt somewhat 


_ Proximally there is a short region consisting of 
_ a close plexus of small bundles, and of a few 
larger bundles unconnected or but slightly con- 
ee a nected with the plexus. It was about 3 cm. in 
ial our specimens but it probably continues farther 
of large cat, showing ynwards under the muscle. From 
terior surface. @.8, ‘his issue large nerve bundles, some of which a 
little after additional slight con- 
external nexions, me the nerves to the hamstri 
saphena. H. hamstring muscles and adductor magnus. The 
ae plexus is followed by a long region (13-16 cm.) 
consisting of nerve bundles having the characters described above 
_ (p. 328) of an intermediate region. In the specimen which had much 


connective tissue, there were two large bundle groups roughly antero- _ 


lateral and. postero-medial, these had only about half-a-dozen bundles 
running each way between them; each consisted of smaller groups with 
‘more frequent connexions. 


In the lower part’ of the intermediate region the superficial medial bundles curve over | 


to the hamstring muscles than either above or 
as below it. In this region the plexus formation 
. does not usually affect all the bundles in any — 


| in fact only at the origin of the leg muscles 


different when the nerve is large. The sciatic 
tibial may be divided into three regions, — 
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the later, and in ove cass they curved over & part of the peroneal trunk making the 
distinction of peroneal and tibial difficult to make out on the surface. 

The end of the intermediate region is marked by the bundles, with 
the exception of one or two of the medial group (cp. Fig. 10 },), forming 
a fairly close plexus which continues in passing downwards and becomes 
much closer in the lowest part of the sciatic tibial and in the internal — 
popliteal. In the upper part of this plexus there are one or two bundles __ 
having a relatively long separate course (cp. Fig. 106,). The bundles — 
of the sciatic tibial are on the whole seared larger than those of 
the sciatic peroneal. 

We may note that neither in lower animals nor in man were there 
communicating branches between the plexuses of the peroneal and 
tibial. 

_ The account given above of the plexuses of the sciatic differs in 
several points from that of Compton. He describes both peroneal and 
tibial divisions of the sciatic as having little or no plexus in the upper 
third, a more or less close plexus in the middle third and none in the 
lower third. The nerve was taken from the lower edge of the gluteus 
maximus to the level of the knee joint. The most important difference 


is that we find a fairly close plexus in the upper part of both peroneal 


and tibial divisions. It is to be noted however with regard to the tibial 
division that Compton did not complete an examination of its upper 


_. part. He mentions that the examination so far as it went suggested 


the presence of a plexus smaller than the lower and formed by a branching 
of the nerves supplying the hamstring muscles. An important difference 
also is that we do not find the internal structure of the two divisions to 
be symmetrical. But it is possible that when the tibial saphena is 


larger than the peroneal saphena, the symmetry may be greater than 
in our cases. 


The origin of the cutaneous branches of the sciatic varies consider- 
ably. In the cat, dog, and goat, there is, so far as we have seen, no 


is peroneal lateral cutaneous branch corresponding in course to that of 


man, but the sciatic peroneal sends a cutaneous branch through the 
lower part of the biceps (Fig. 7 B. C’.) which apparently represents it. 


There may, however, be more than one cutaneous branch as in Fig. 9 (a). 


- The external saphenous nerve (sural), whilst arising mainly from the 


sciatic tibial, usually has near its origin a small filament from the sciatic 


peroneal (Fig. 7). The origin of the nerve in the cat and dog is as a rule 
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-but a short distance above the origin of the nerves to the gastrocnemius 


(Fig. 7); in oné case—a large dog—it arose from the same level, b 
‘received a slender nerve from the upper part of the tibial (Fig. 9 (a) £.S’.). 


Fig. 9. (a) Origin of nerves from the sciatic of a large dog, each division being formed of 
a single bundle. (6). Origin of nerves from plexuses in a goat. At the upper part of 
the specimen the tibial and peroneal formed a common plexus arising immediately 
from the sciatic plexus. H. hamstring nerves. B. nerve to biceps. ©’. nerves 


traced through biceps to the skin; in (b) B. and ©”, diverged just after the point 


drawn. 2.8. external saphena, 2.9’. filament to external saphena from the upper 
part of the tibial. Other lettering as in Fig. 7. 


In the goat, the external saphena runs a long separate course me the 
posterior surface of the trunk of the nerve, joins the upper plexus about 
midway between the origin of the gastrocnemius nerves and that of the 
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hamstring muscles and has one or two branches from the-peroneal on its : 


way (Fig. 9 (6) £.8.). 

In both the human sciatics we dissected, the tibial saphena was much 
smaller than the peroneal saphena; in one it was about one-third the 
size of the latter, in the other it was less than a third. In the former 


the peroneal contingent (anastomotic branch) crossed to the tibial — 


immediately below the divergence of the two divisions of the sciatic. 
The tibial saphena had a relatively short course and joined the lower 
plexus in the same region as the upper filaments of the gastrocnemius 
nerves (Fig. 10). The peroneal saphena ran a long separate course— 
_ about 17 cm.—in the sciatic peroneal, and joined the lower part of the 
upper plexus. The lateral cutaneous ran a still longer separate course 
—about 24cm. 1.e. about 9} inches—and joined the upper plexus a 
little below the nerve to the femoral head of the biceps (Fig. 10). In 
the other specimen the lateral cutaneous and peroneal saphena formed 
a single bundle which began to form a plexus a little higher up than the 
tibial saphena in the first case, and it received a small filament from the 
peroneal division where it joined the plexus. 

It will be seen from what has been said in this and in preceding 


sections that both upper and lower plexuses of the sciatic trunks give — 


off both muscle and cutaneous nerves. The broad rule is that both 
muscle and cutaneous nerves arise from a plexus. If they arise, as they 
sometimes do, from the same part of the trunk the plexus in that part 
is common to the two classes of nerves ; as the origins diverge the plexuses 
diverge also, but remain more or less connected. 


Compton came to the conclusion that “the plexus may be supposed to consist almost 
entirely of motor nerves.” By motor nerves he presumably means muscle nerves, since 
the nerves to muscle contain sensory as well as motor fibres. His remarks suggest 
that muscle nerves arise from a plexus and that cutaneous nerves do not, The basis for 
his conclusion is that he found in ten out of twelve cases that the peroneal cutaneous and 
tibial communicating nerves ran a completely independent course, and that the posterior 
tibial appeared to be only slightly connected with the plexus, It is true that the former 
nerves pass more or less completely by the lower plexus, but they arise from the upper 
plexus of the nerve. The posterior tibial has intimate connexion with the lower plexus. 


Consideration of results. 
We have seen that whenever the sciatic peroneal or sciatic tibial i is 
not a single bundle, a plexus is formed in it. If the single bundle of the 
peroneal or tibial in the rabbit or cat is teased out, it is found that there 
are numerous obliquely running and crossing fibres, and these are in 
greater number where nerves are given off. In all cases then an internal 
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nerve plexus occurs; in small nerve trunks it is formed of nerve fibres 
and in large nerve trunks it is formed of nerve bundles. Further in 
cross section of the sciatic of the cat and dog there are usually some 
thicker strands of endoneurium dividing each trunk into areas, these 
areas may be regarded as the beginning formation of bundles.  __ - 

A comparison of the nerves in different animals shows that. the 
formation of bundles depends on several factors. The size of:the nerve 
is no doubt an important factor inasmuch as in general nerves beyond 
a@ certain size consist of bundles. The advantage of the formation of 
bundles is that the arteries and veins can be kept outside the peri- 
neurium and thus pressure on the nerve fibres is avoided or lessened 
when there is increased arterial and venous pressure, and the pressure 
in all parts of the capillary system is kept more constant.’ But size is 
not the only factor for a nerve proceeding from a trunk may consist of 
bundles, though the trunk itself is a single bundle. The family to which 
an animal belongs appears also to be of influence, for the number of — 
bundles is relatively greater in the goat than in man; and relatively 
much less in cat and dog than in the goat. 

There are various grades of plexus formation. In the loaves part of 
the sciatic peroneal and sciatic tibial, all the bundles have communicating 
branches within a distance of about a centimetre. In the uppermost — 
_ parts of these nerves the same is in general the case, though in the tibial 
_ of man there are a few bundles but slightly connected with the plexus 
a little below the lower edge of the pyriform muscle. A certain decrease 


Fig. 10. Origin of nerves from the sciatic plexuses in man. The plexus is only drawn 
at the point of origin of the nerves and irrespective of whether it is on the anterior 
or posterior surface. The brackets show the extent of U.P. upper plexus; J. inter- 
- mediate region; L.P. lower plexus, in the respective peroneal and tibial divisions. 
In the peroneal, P- marks a stretch of the upper plexus in which the plexus was 
less than above and below it. J-— marks a stretch in which the characters of the 


intermediate region were less developed and the plexus greater than below. In the 


tibial, P- marks a portion of the intermediate region in which though rather more — 
_ than a third of the nerve had scarcely any plexus the, rest had a moderately 
developed plexus. The upper half of the lower plexus of the tibial consisted of a 
varying number of bundle groups running at different points an isolated course for 
2 to 3 centimetres. In the external popliteal the beginning of the plexus formed by 
the three bundle groups is shown. The nerves, the bundles 6,, 5,, and some 

_ bundles connected with 5, are pulled away from the trunk. H. hamstring nerves. 
B. nerve for femoral head of biceps. 7'.8. tibial saphena, P.S. peroneal saphena. 
PC. lateral cutaneous. G. nerve for gastrocnemius, A. probably articular branch. 
b, a bundle arising from the upper plexus and running a long separate course, 
most of the fibres of A. came from it. ee 
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of plexus is marked by the bundles being arranged in groups, which 


have only slight connexion with one another, although the bundles of 


each group have still fairly numerous connexions. A still further 


decrease may occur by the constituent bundles of a group being also 
only slightly connected, as in a considerable portion of the posterior 
tibial of man. We have called a region in which there are bundle 


groups with only slight connexion with one another an intermediate — 


- region, but the limits of such a region cannot in general be fixed with 
any accuracy since near a close plexus more numerous connexions are 
found between some bundle groups than between others. 

We have seen that the intermediate region does not occupy the same 
level in the two divisions of the sciatic, and that there is a long inter- 


mediate region in the tibial division of man, but no definite one in the — 


tibial division of the goat. We have seen also that about the origin of 


each peripheral nerve, mainly a little above it, there is an increase in — 
plexus formation. A consideration of the position of the nerves arising — 


from the peroneal and tibial divisions in the goat and in man shows that 
an intermediate region occurs when there is a certain distance between 
the origin of the nerves. The greater the distance the longer the inter- 
mediate region, subject to two other factors. The greater the bulk of 
nerves arising from a given short stretch of the trunk, the farther above 
this the close plexus extends, thus the lower plexus stretches farther up 
the sciatic tibial than up the sciatic peroneal. The second factor is that 
in the division of bundles to make a peripheral nerve a preliminary 
sorting out of bundles commonly occurs for nerves issuing lower down, 
so that the plexus does not at once diminish below the origin of a 
peripheral nerve. 

The internal plexus obviously serves to olleei: together the afferent 


and efferent fibres of different nerve roots for the areas supplied by the 


_ peripheral nerves. The lumbo-sacral plexus does the same for the large 
areas supplied by the nerve trunks. The internal plexuses, in fact, 
continue the process begun by the lumbo-sacral plexus. 


In the two cases in which we had the whole of the human sciatic 


trunk, the tibial saphena was considerably smaller than the peroneal 


saphena. It is well known that the tibial and peroneal contingents of 


the external saphena are variable in man, but the tibial is usually larger 
than the peroneal contingent, and in all the lower animals we examined 
it was much larger. The point of interest is that in the two cases of 
‘man just mentioned the tibial saphena arose from the lower plexus in 
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atose instead of arising from the upper plexus. In one other case in 
which we had only the lower part of the sciatic, the tibial saphena was 
larger, part of it was connected with the lower plexus, but a part ran an 


isolated course upwards. Probably, then, there is a constant contingent 


arising from the upper part of the lower plexus, and a variable con- — 


_ tingent arising from the lower part of the upper plexus. 


It is noteworthy that the long isolated course of the internal seclinnn 
outside the trunk of the crural nerve is analogous with the long isolated 
course of the peroneal lateral cutaneous and peroneal saphena in the 
trunk of the sciatic. It appears indeed to be a general rule that cutaneous _ 
nerves run a longer isolated course than musele nerves. 

The complexity of the lower plexuses in the sciatic of the larger 
mammals makes it, we think, certain that, so far as dissection goes, no 
bundle above the plexus can be said to correspond even approximately 


_ with any bundle below it. It is true, as Compton remarks, that the 


superficial bundles of the peroneal and tibial nerves as seen without 
dissection run direct over the lower plexus into the upper part of the 


nerve, But when the connective tissue is cut away and the full extent 


of the plexus is displayed, it is obvious that all the nerve fibres in any 
one superficial bundle in the lower region might have passed completely — 


into other bundles in the upper region. This may be judged from 


Fig. 3, bearing in mind that it represents but a small part of the plexus. 


_ Thus, above the lower plexus, dissection does not warrant a division of 
the peroneal trunk into an anterior tibial and a musculo-cutaneous 


portion, or a posterior tibial part to be distinguished in the tibial trunk, 
and still less does it warrant any particular bundle to be labelled the 
bundle for the gastrotnemius, plantaris and so forth. | 
~ Compton found no communicating bundles visible on the surface. We find some, 
though relatively few. Such bundles are obvious in the internal popliteal nerve. The 
greater number of communicating bundles in the internal part of a nerve is the natural 
result of some of the bundles being entirely surrounded by the superficial bundles. : 
Whilst the connexions of the bundles centrally of the plexus with 
those peripherally of it cannot we hold be determined by simple inspec- 


tion, it is not unlikely that some fibres keep their lateral, median, or 


other position in passing through the plexus since a complete crossing 


of fibres, apart from twisting of the whole trunk, seems meaningless. 
The degree of crossing could be settled by stimulating the a 
separately in a large mammal. 


| The question was rather beside our immediate object and we have only made one 
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since the trunk consists of a single bundle only. In an anesthetieed animal:the perineurial 


sheath was cut open about 4 om, below the great sciatio foramen. The main divisions of 
the endoneurium were fairly distinct, these were followed and the nerve divided into four 


strands, The postero-external strand caused strong contraction in the tibialis anticus | 


muscle, and possibly of # few fibres in the extensor dig. comm. The antero-external 


strand caused less strong contraction in the tibialis antious and strong contrection of the : 


extensor dig. comm. The postero-medial strand caused contraction in the extensor dig. 
comm., in the peroneus longus and the peroneus brevis. The antero-medial strand caused 
contraction in the extensor dig. comm., the peroneus longus, peroneus brevis, and peroneus 
quinti digiti. No great stress can be laid on this experiment since the divisions of the nerve 
may have been artificial, but, so far as it goes, it shows that the tibialis antious reecived the — 
whole of its efferent fibres from the external part of the nerve, and the peronei from the 
medial part, that there was large overlapping in three of the four strands into which the 
nerve had divided, and that none of the four was purely afferent. 


ae Two other conclusions may be drawn from the facts deseribed as | 
the internal structure of nerve trunks. (a) The observations hitherto 


recorded upon the time of recovery on cross suture of nerves, and on 
the degree of adaptation of the nerve centres, have been made on nerve 
trunks with the exception of some on the cranial nerves. Whilst these 
present problems of their own, data of a much clearer character would 
be obtained by cross suture of peripheral nerves. (6) Since in the dog 
both the sciatic peroneal and sciatic tibial consist of a single bundle, 
and in man of many bundles separated by a considerable amount of 
epineurium, the results on nerve suture in the one are only a partial 


- guide to what happens on nerve suture in the other. The probable | 
result of the larger amount of connective tissue in man is to cause a — 


larger number of fibres to go astray. 


‘The primary object of our observations was to determine in what 
cases separate suture of nerve bundles in a nerve trunk would lessen — 


the disturbance of nerve pattern. It is we think certain in view of the 
large number of bundles present in most nerve trunks in man and larger 
animals, and of their flexibility in life, that accurate apposition of the 
bundles can very rarely be attained. A slight shifting of the normal 
position will bring a considerable fraction of each bundle of the central 
end opposite either epineurium or a non-corresponding bundle. Thus 
there will be loss of power, and distortion of nerve pattern. ee 


The conditions are different above and below a nerve plexus. It does | 
not appear likely that there would be appreciable advantage in suturing 


separately portions of a nerve trunk above or in a nerve plexus. But 
separate suture of peripheral nerves in a nerve trunk below their nerve 


plexus would prevent distortion of nerve pattern and prevent efferent 


and afferent bundles being brought into apposition. — 
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But whilet the’ method has theoretically only « limited application, 


and in practice is still more limited by the difficulty of isolating the 


bundles and by the time required for isolation and suture, there are 
nevertheless a not inconsiderable number of cases in which we think 
advantage is to be derived from it. The cases are of three classes: 
(i) those in which a peripheral nerve lies in the outer loose epineurial 
sheath, (2) those in which it lies in the dense inner epineurial sheath, and 
(3) those in which the nerve trunk consists of bundle groups for seperate, 
oF approximately separate, areas. . 

In the first class are more or less considerable portions of the peroneal 
and tibial cutaneous nerves, the hamstring nerves, the nerve to the short 
head of the biceps, the gastrocnemius and upper soleus nerves. Of these 
the cutaneous nerves are the simplest. The hamstring nerves are sur- 
rounded by much connective tissue. The nerve to the short head of 


the biceps soon dips to the anterior surface of the peroneal. The gastro- — 


cnemius nerves have but a short course before they enter the dense 
epineurial sheath. 

In the second class are the upper portions of the peroneal and tibial 
cutaneous nerves and of the nerves to the gastrocnemius; also (for a 
short stretch of the peroneal where it runs over the gastrocnemius) the 


peripheral nerves into which the peroneal divides. These cases could 
hardly be attempted without a previous study of the course of the 
bundles in the nerve trunks. It may be noted that in parts of the 


sciatic the bundles do not take a straight course, so that on simple 

suture after excision of a piece, the cutaneous bundles are not in contact, 

_ or only in imperfect contact. 

Ahind clean of distortion of nerve 
pattern, but does not prevent it. Recognition of the three bundle 
groups into which the peroneal nerve divides does not present much 
difficulty, but they occu: ina short stretch only of the trunk. The 
internal and external plantar groups have a long course in the posterior 
tibial nerve with little or no connexion with one another, but on the 
other hand their separation so far as we have seen is not a simple matter. 

The muscular and cutaneous branches of the musculo-cutaneous nerve 

can be separated in nerves removed from the body; how far it is 

practicable in life we are unable to say. 

: All the cases mentioned above refer to the sciatic and ite branches. 
There are no doubt similar instances in the nerves to the fore-limb. 
We have only examined the radial (musculo-spiral). In this the 

‘muscular branch oo interosseous) and the cutaneous. branch 
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(radial) run for some distance an entirely separate course; since the 
latter is an afferent nerve it would almost certainly be an advantage to 
split the trunk and suture the two parts separately. 

Whilst separate suture in certain cases would we think lead to better 
recovery; it increases the time taken up by the operation, involves more 

cutting of blood vessels than simple suture and it may cause increased 

connective growth. These are unimportant when nerves running in 
the outer epineurial sheath are dealt with, but it cannot yet be said 
that they are unimportant when the inner dense epineurial sheath has 
to be cut open. This interferes more or less with the blood supply to 
the isolated nerve bundles, and a deficiency of blood supply, though it 
does not prevent regeneration, probably delays it. | ipo ae 

The chief hindrance to nerve regeneration is connective tissue growth ; 
it is not unlikely that this would be lessened by cutting away the surface 
epineurium at the point of suture, some experiments on this point are in 
progress by one of us, but for satisfactory results larger animals than 
those that can be experimented on in the’ Cambridge laboratory are 


In all cases the limb nerves before giving off peripheral nerves, have 
an internal nerve plexus. If the nerve trunk is a single bundle, the 
plexus is one of nerve fibres; if the trunk consists of nerve bundles, the 
plexus is one of nerve bundles. | oe 

The formation of bundles in a nerve depends partly on the size of the 
_ herve and partly on the family to which the animal belongs. wa 
The closeness of the plexus varies in different parts of the nerve 


_ trunk; it increases a short distance above each region from which a 


peripheral nerve arises. Each peripheral nerve whether it supplies — 
muscle or skin arises from a greater or less extent of the plexus. | 

- Just as the lumbo-sacral plexus serves to collect together the afferent 
and efferent fibres of different nerve roots into trunks for more or less 
separate large areas, so the internal plexuses in the nerve trunks serve 
to collect similar fibres into bundle groups or bundles for smaller areas. 


In the region between the origin of two successive peripheral nerves. - 3 


not arising close together, the bundles are arranged in bundle groups 
which have little or no connexion with one another, though the bundles 
forming a group are more or less inter-connected. Such a region may 
be called an intermediate region, but in general it blends gradually into 
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The greater the bulk of the peripheral nerves arising from a given 


short stretch of the trunk, the farther above this the close plexus extends. 
| The close plexus extends-a short distance below the origin of each 
peripheral nerve and serves for partial re-arrangement of the branches 
leaving the trunk lower down. 

In both peroneal and tibial divisions of the sciatic, there are two 
plexuses giving off muscle nerves, viz. (a) a short plexus in the most 
proximal region from which nerves arise for certain muscles of the thigh, 
and (6) a longer lower plexus extending into the popliteal nerves, from 
which arise the nerves for the leg. 

The origins of the cutaneous nerves given off by the sciatic trunk 
vary. - In man the peroneal cutaneous nerves arise partly from the 
upper plexus in common with the muscle nerves but in large part some- 
what below this, thus extending the range of the upper plexus. The 
tibial saphena arises in some cases from the upper part of the lower 
plexus in approximately the same region as the upper filaments of the 
gastrocnemius nerves. Probably there is in most cases an additional 
origin corresponding to that of the peroneal saphena. _ 


Some peripheral nerves, especially cutaneous nerves, run in the 


nerve trunk for a more or less considerable distance and can be sutured 
separately, thus lessening crossing of efferent and afferent nerves and 
_ other distortion of nerve pattern. 

.. The peripheral trunks in part of their course » consist of bundle groups 
running to more or less separate areas. It is probable that it would be 
- an advantage to suture these separately. But in this case, and in some 
cases of peripheral nerves, the inner dense epineurial sheath must be cut 
open, and how far this delays recovery has not been determined. 


Twisting a nerve trunk in suturing it will cause a much greater dis- 


is done above it. 
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‘THE METABOLISM OF ARGININE, 
By W. H. THOMPSON. | 


Fourth Paper. The Effects on the Excretion of Total Crantiitsd 
‘in the Urine; of (1) Arginine given in combination with 

. Methyl and Methyl-amino compounds, (2) of certain sub- . 

stances to be in the Animal Body. 
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Effects on the exoretion of creatinine in the urine produced 


In a tebent article by the writer, the effects of arginine and-of racemic 


arginine on the formation and excretion of creatine and creatinine, were _ 
described. The results of further observations made for the most part _ 
on the same animals are given in the following communication. The — 

investigations refer only to the effects of the substances: used on the 
excretion of creatine and creatinine in the urine. It was intended before . 
publication to carry the experiments further and to extend some of 
them to an examination of the effects on the creatine content of the 
muscles, but owing to work of a more ase character — intention | 


has had to be ‘postponed. , 


The investigations here recorded may be divided into following 
groups: (1) @ series of observations in which arginine combined with 


methyl and methyl-amino compounds was given to dogs either with 
food or‘ by subcutaneous injection or both. (2) A series in which ~ 
guanidine either alone or in association with methyl and methyl-amino — 
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_mubstancee previously known to be methylated in the animal body were - 
given to dogs and birds, 


1. om the exoraion of ttl ereatinine produced by administering 
| arginine along with methyl and methyl-amino compounds. 
(a) Arginine combined with methyl citrate. In these experiments 
the two substances were added together and the mixture (almost 
neutralised by citric acid), was added to the food or given by hypo- 


demic injection. The diet consisted of potatoes, lard and milk. Con- 


trol experiments were performed in, which methyl citrate was given 


‘alone in the same ways as the mixture. 


The effects of adding methyl citrate and arginine to the food did 
not differ in any degree as might be expected from those of adding 


| arginine alone, consequently it is unnecessary to record them. When 
given however by hypodermic injection the addition of methyl citrate — 


increased: the excretion of total creatinine. The following table gives 


_ the result of three observations on dogs 1, 3, and 4, the numbers referring 


to the same animals used for the experiments on arginine alone, pub- 
lished in the third paper on the metabolism of arginine. in one of 


these experiments: (No. 3) the effeot was but slight. 
Tanta Te, Biota ot parenteral injection of arginine and methyl trate on the 


Creatinine (total) excreted 
Effect on 


4 days, arg, 2 grme., citrate 1 


3 | 
4 1888 + 87 


Av 


sent the average daily excretion of total creatinine for periods immedi- 
ately before, during and after the injection of the arginine and methyl 
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For the three experiments the average daily excretion in the period fon 


before administration was 189 mgms., during the injection 267-7 mgms. 


and in the after period 226-1 mgms. That is to sey the arginine and 


methyl citrate combined, caused a daily increase of excretion, amoun i 
on the average to 78-7 mgms. In the previous experiments on the 
effects of arginine alone, given in the same way the average daily increase 
amounted to 45 mgms., and after effect was nil. Part of the increase of _ 
78:7 mgms. per day is apparently to be attributed to the effects of the 


methyl citrate alone. “ The average of the four experiments in which the 


citrate was injécted without arginine shows an increase during the period 


’ of injection amounting to 10-6 mgms. per day. If this be deducted from 
_. the 78-7 mgms. there would still be an increase due to the arginine and 


methyl citrate combined, amounting to 68-1 mgms. The whole number 
of days on which injections of the two substances were given, in the three 


Be experiments, amounted to nine and the total quantity of arginine 


carbonate used was 18grms. That is to say of the 4-43 grms. of. 
guanidine nucleus given in the arginine +314 grms. or 7:0 p.c. of the 
whole was excreted in methylated condition in the urine. The propor- 
tion excreted under similar’ conditions when arginine alone was used 
amounted to 45p.c. Thus the addition of the methyl citrate to 
arginine given by hypodermic injection. considerably augmented the 
amount of guanidine radical methylated and excreted in the urine. 


. _ When given with arginine and added to the food the methyl citrate as 


stated produced no effect. 

It is of interest to examine how much of the foregoing effect on the 
output of total creatinine is due to an alteration in the excretion of pre- 
formed creatinine. The difference will show how far the total effect of — 
parenteral injection of arginine together with methyl citrate was due to 
an output of creatine apart from creatinine. In the following table, 


(6) the exorction of preformed creatinine before, during and | 


after the injections is shown. ~ | 
The averages of the experiments in which the two substances were 
injected show that during the period of injection there was @ daily 


.. inerease in the excretion of preformed creatinine amounting to 18-8 
: mgms. But the methyl citrate alone produced a daily average increase 


of 10-4mgms. Consequently the net daily increase to be attributed to 


the two substances combined, amounted to only 84 mgms. Whenthis 
is compared with the corresponding effect’ on the exeretion of totel — 


creatinine, namely a net average increase of 68-1 mgms. per day, it will 
be seen that almost 90 p.c. of whole is due to an excretion of creatine 
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TD, of pareataa of arginine with methyl irate on the 
excretion of preformed creatinine in the urine of dogs. 


Preformed creatinine excreted per day in mgms. 


Exp. Before ‘During After 
3 135 147 134 
Wes 144 1684 


Ay. 1843 . 188-5 
ot jane of mag alate lone the wine 


2416 247 27-0 


Av. 1708 1809 168-0 


the of administration. In the normal periods was 
_ either no evidence of excretion of creatine or only such as might be 
attributed to the darkening of the urinary pigment when boiled — 
hydrochloric acid for creatine estimation. 

‘Knowing from the experiments previously. recorded that. arginine 
alone leads not only to an excretion of creatine in the urine representing 
a methylation of 4-5 p.c. of its guanidine nucleus but also that it gives 


rise at the same time to an increase of creatine in the muscles, the 


question naturally follows how the increased output of creatine in the 
urine is to be explained when methyl citrate is subcutaneously injected 
_ along with the arginine. ‘Does the increase imply a greater degree of 
methylation of the guanidine nucleus, or does it simply mean a liberation 
of creatine from the store in the muscles with subsequent excretion in 
the urine? No direct experiments have as yet been performed to test 
this question but the evidence available is on the whole in favour of an 
increased methylation and not merely an increased excretion. In the 
first place there are many examples of translation of the methyl group 
from one substance to another in chemical reactions or from one group. 
of elements to another within a chemical compound, without other 
changes occurring. Instances also of methylation and demethylation. 
of other bodies than those here dealt with are known to occur in 
animal metabolism. Mention need only be made of the methylation of 
_ glycocyamine to, form creatine, of pyridine to the condition.of methyl 
pyridyl ammonium hydroxide, and of salts of tellurium to methyl 
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a. 3, which when given to dogs chiefly 
as 1, 3-dimethylxanthine with small quantities of 1, 7- and 3,7 -dimethyl- 
xanthine respectively. It. seems.probable therefore that when sub- 


cutaneously injected some of the methyl groups of trimethyl citrate are _ 


transferred to the. guanidine nucleus of arginine before they can be 
attacked by oxidation and converted into CO, and H,O. Whether all 
of the additional creatine (produced according to this assumption) is 
excreted in the urine, or whether part is stored in the muscles and part 
excreted, are.questions as yet undecided. - | 
(b)  Argunine combined with methyl benzoate. Four experiments 
. two dogs were performed in which arginine and methyl benzoate were 
given by. hypodermic injection: The arginine was given as. sterilized 
neutral solution of the carbonate. The methyl benzoate was injected at 
the same time into a different part of the subcutaneous tissue, generally — 


on the opposite side of the animal's body. Control experiments'were 


also performed in the same animals in which methyl benzoate alone yes 
‘given. No feeding experiments were carried out in which methy] benzoate 
wis 

| Tn dno of the dogs the urine was analysed for hippuric acid in addition 
to other substances, when it. was found that practically every trace.of ~ 


Tho. ‘Bile of Injestion of with methyl 
the exoretion of total creatinine in the urine of the dog. bait 


4a tea benzoate2o.c, 189-8 “214-7 176-0 

5a same tee 246:0 303-9 243-9 +24 
Av. 21790 203 20009 


Methyl benzoate alone in same dogs. 


46 .. 16256 1028 1483 +63 


= 2 days, m. bens 20.0. 


Av 108 


of the in the above table are “repeats,” one in dog 
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being a & rule less, it is desirable to desl with the two groupe separately. 


The average daily excretion in the two primary experiments 4 a and 7 


6.0 for the three periods was as follows (expressed in mgms.): 
before 217-9, during 259-3, after 209-9. 


In the repeat experiments 4 b and 5b the effect was less marked, the 
average daily excretion for the three periods, in mgms. being 
before 205-2, during 239-8, after 211-2. | | 
The increase in the repeat experiments during the injection was there- 
fore 34-6 mgms. But methyl benzoate alone caused an average daily 


- increase of total creatinine in the same animals amounting to 11-5 mgms. 


The net daily increase of total creatinine in the primary experiments was 


a therefore 30 mgms. and in the repeat experiments 23 mgmas. 


‘The quantity of arginine injected in each case was 2 grms. ‘of the 


_ carbonate ‘per day, a total of 10.grms. in all for each of the two sete of 


observations. In the primary experiments the total urinary creatinine 


_ during the five days corresponded to a methylation and excretion of 


81 p.c. of the guanidine nucleus of the arginine given; in the repeat 


experiments to a methylation and excretion of 2-4 p.c. with arginine 
. alone given in the same way it will be remembered that the increase 


_ observed in dogs on non-meat diet amounted to 4-5 p.c. of the guanidine 


nucleus so that the addition of methyl benzoate did not increase the 


-__ exeretion of methylated guanidine nucleus. The effect in this respect 


was in marked contrast to that obtained with methyl citrate’. . The 


_ quantity of methyl benzoate injected was about 2-0 c.c., that is to say 
about 2-25 o.c. were measured into the syringe but less than the quantity 


taken reached the subcutaneous tissue. In comparing the results of 
the two sets of experiments, namely those'in which methyl citrate and 
methyl benzoate were respectively combined with the arginine it must 
be remembered that 1 grm. of trimethyl citrate (the quantity usually 
given), contained a larger number of methyl groups than 2-5 c.c. of 


_ methyl benzoate, namely, in the proportions of 9 to 19. The point is 
* My colleague, Dr E..A. Werner, Professor of Applied Chemistry, with whom I 


_ discussed these results, suggests that the difference in behaviour between methyl citrate 


and methyl benzoate indicates that the increased methylation observed with the former 


_ may be due to its basic radical which readily yields acetone on heating and not to the 


“That is to say there wae an increased excretion during the period of : 
 jnjection of 41-4 mgms. per day. 
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ARGININE METABOLISM. 


not without interest, but it would be unsafe to infer that this difference 
 “‘geeounted. for the smaller degree of methylation in the case of the 


benzoate, if for no other reason than that the experiments throw no 
light upon the creatine content of the muscles as affected by the injection — 
of the two substances combined. -Further as will be seen later the 
ineressed output of total creatinine under the influence of methyl 
benzoate and arginine combined is largely due to an increase of pre 
formed. creatinine and only in small part to an: excretion. of creatine. 


_ The converse was the case with methyl citrate and arginine, 


Another point of interest would also have been to compare the 
results of combining methyl benzoic acid (in which the methyl group is 


contained in the benzene ring), with those of methyl benzoate in which = 


it is attached to the carboxyl group. This however had to be deferred — 
for the reasons given. | ie 


| In judging the effect of methyl benscate in increasing the methyla- _ , 
tion of the guanidine nucleus of arginine, information may be derived 
- fom examining its effect on the output of total creatinine. This is i 


shown in the table below. | | 
Taste IT}. Effects of parenteral injection of arginine combined with methyl 

bensoate on the excretion of preformed creatinine in the urine of the dog, 
veg Preformed creatinine excreted per day in mgms. The number of days and 
ie ' QUantities given, as also the effects on weight, are shown in Table Il a. 


ba 234-7 (2762 | 
5b 234-7 256-3 250-6 
Bifleots of parenteral injection of methyl beizoate alone in same dogs, 


On analysing the results of these it will be seen that for the two 
primary experiments 44 and 5a the average daily excretion of pre- 


(a _ formed creatinine in mgms. for the three periods was as follows: 


Detore 2095, during 287-2, after 197-2. 
For the two repeat experiments the averages were: _ See 
“before 201-5, during 2158, after 2067, 
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That is to say in the primary experiments, 
deal, there was a daily increase during the administration of 27-7 mgms. 


of preformed creatinine. Part of this must however be assigned to the 
effect of the methyl benzoate alone. The averages in mgms. per day 


for the three experiments with this substance are, “before” 1940, — 
“during” 200-0, “after” 182-3: There was thus a small increase 
(6 mgms:) during the period of injection which has to be deducted from 
the gross daily increase of 27-7 mgms. leaving @ net daily increase of 
21-7 mgms. ‘of preformed creatinine. But the net daily increase of 
- total creatinine in’ the same experiments as already mentioned was — 
80mgms. That is to say of the increased excretion of total creatinine — 
70 p.c. was due to an increase of preformed creatinine and only 30p.c. 
to an excretion.of creatine. . The contrast in this respect between the 


‘effects of combining methyl citrate and methyl benzoate with the 


: arginine is striking. With the former the excretion of methylated 


guanidine nucleus was much greater, and 90 p-. 


of creatine. 


It is conceivable that the increase of ‘preformed creatinine (from the a 


effects of methyl benzoate and arginine) might be due to an increased 


tissue metabolism or breakdown as the result of the benzoate. But 


this.does not appear to have been the case for the dogs lost no weight, 
_ on the contrary their weights in every case increased. Too much stress — 


- gannot however be laid upon this point alone, since other conditions — 


might have obscured an actual loss of weight. The conclusion is how- 


‘ever supported by the fact that in one of the dogs (No. 4) where both — 


methyl citrate and methyl! benzoate (combined in each case with the _ 


same quantity of arginine) were subcutaneously injected at different 
periods of the experiment, the excretion of total nitrogen in the urine 
was practically the same in, the two cases, namely 2-509 grms. per day — 
with the former and 2-514 grms. with the latter. _ : 
“It remains to examine the fate of the benzoic acid. This was 
followed in one of the experiments, the estimations being carried out by 


the method of Folin and Flanders), 


It will be observed that after an injection of methyl benzoate either 
along with arginine or alone, the excretion of hippuric acid did not return - 
to normal for three or four days and in one case at least, a subsequent: 


injection was made before the effect of the previous one had subsided. _ 


In all, methyl benzoate was injected on ten days either with arginine 
or alone, the quantity per day as already stated being a little over . 
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Hippuric acid. 


0-127 
0-106 =0118 


Av. 


acid 
0-154 3 
0-371 | 
2-470} Av. 
2-913 =2-056 
471 
0-878 
0-282 
0-228 
0168 — 
_ Av. 
“2-69 


2-443 | =1-:904 
1043/7 
2-600) Av. 
2616) =2552 
0-371 
0242 0-616 
0-193 0816 
Arginine carbonate 2 grms., 
Methyl benzoate 2 0.0. injected. 


the injected amounted to over 22 

ably 22-5 grms. This quantity if fully converted into hippuric acid 
- would yield 29-6 grms. If the normal excretion be taken, as shown in 
. the previous period, at 0-118 grms per day on the average, and the total — 

quantity excreted in the remaining 24 days over and above the normal | 

_ be calculated, it amounts to 29-596 grms. It is clear therefore that the 
‘whole of the phenol radical of the methyl benzoate was combined with — 


-_ glycin and appeared in the urine as hippuric acid. We may now examine a 


the effects of arginine combined with methyl-amino compounds. | 

Arginine combined with betaine and choline. Five experiments 
_ were performed in which betaine and choline either alone or combined 
with arginine were injected subcutaneously into dogs. The effects of 
betaine, choline and lecithin (a substance of which choline is a con- 
_ stituent) on the excretion of creatinine in the urine and on the content _ 
of creatine in: muscles have been previously observed by several investi- 


Folin) found no difference in the excretion of urinary creatinine 
on two diets one of which contained 15 grms. lecithin, the other less than 
-lgrm. per day. Koch@) likewise found but a very slight: difference in 
urinary creatinine on diets rich and poor in lecithin respectively. He | 

used. lecithin A.G.F.A. prepared. from eggs which contained two-thirds 
_ cephaline. Koch however suggests a possible storage of creatine in 
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the muscles, as a result of the feeding with lecithin and that this accounts | 


- for a high excretion of creatinine which continued long after the lecithin 

diet had been left off. That a considerable proportion of the methyl — 

groups contained in the lecithin may have had this fateis borne out by 
the observations of von Hoesslin@ who only recovered 71 p.c. of the 


alkyl radical as formic acid in the urine, after subcutaneous injection 
of choline bromide. Riesser(6) claims to have found &n increase of 
muscle creatine in four out of seven experiments on rabbits in which 
he injected choline subcutaneously. When betaine was used in the 
same way he obtained an increase.in all five experiments performed, 


experiment with lecithin A.G.F.A. gave no increase. The methods 
' employed by Riesser were not however adequate to decide the point — 
as to whether the creatine of the muscles was increased or not. He 
-eontented himself with contrasting the creatine content of the muscles _ 
of normal rabbits with the same in the animals to which choline and - 
betaine had been given. The results observed in the latter group were 
all within the limits of normal variation when allowance is made for 
_ differences in the content of water in muscles; which he did not ascertain. — 
_ Riesser also observed the effects of betaine, and choline on the excretion — 
_ Of creatinine in the urine. With the former substance he obtained an 
 tnorease in five out of his six experiments, with the —— ae 
_ in two out of three experiments. 
Baumann, Hines and Marker@) perfused through the limbs of 
- a dog, amongst other substances, arginine, betaine, sarcosine along with 
_ urea, and choline with urea. Only choline combined with urea led con- — 
sistently to an increase of creatine in the muscles. The conclusions are 
however based on determinations made for the moist muscle only. is 
The following table gives the results of my own experiments which 

‘were confined however to observations on the excretion of urinary 
--—- @reatinine produced by atginine combined with betaine and choline 
‘respectively, together with controls in which the last-named substances 


were given alone. 


It will be seen that with arginine and betaine the effects were very us 
small, less than those obtained with arginine alone and no greater than 
occurred in the control experiments wi’h betaine without arginine. The — 
quantities given were as follows: on three of the four days arginine 


2 grme . betaine - ‘Bgrm.. 70 the last day arginine 3 grms., betaine - ‘8 grm. 


‘The increase on this last day was less than that on the first,’ Whether _ 
or not the combination with betaine influences the amount of guanidine _ 
| 
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and no on this point exist which can be 
fideted decisive. 


choline on the excretion of total creatinine in the urine of dogs. Siemens stad 
‘are stated in the text. 


Arginine with methine, 


No. of 
2441 
B, Arginine with choline. 
EEfleote of betaine alone in same dog. 


| 

| - Effects of choline alone in same dog. 3 


The combination of arginine with choline wes followed a | 


2 oon of total creatinine in the urine than that with betaine, and less in 
the former case could be accounted for by the effect of the choline in the _ 


control: The increase with choline alone was about the same as that 
observed with betaine alone. The quantities of arginine and choline — 


_ injected wefe however less than those of atginine and betaine. The 


doses given on the three days were as follows: first day, arginine car- 


- -bonate 1 grm., choline «1 grm. ; second day, arginine carbonate 1-5 grms., 
choline -26 grm. ; third day, arginine carbonate 2-0 grms., choline -35 grm. 
The conclusion on the whole however seemed to be that the addition of © 


these substances to arginine did not increase the output of methylated . 


guanidine nucleus and hence the enquiry in this direction was not 
' pursued further. As stated, circumstances prevented an examination 
of the effect which these substances 
content of the muscles. 


carbonate given either alone or in combination with other substances. 
The ease with which glycocyamine can be prepared in the laboratory — 


from guanidine carbonate and glycin by simply heating them together, 
the fact that the frst-named is readily 
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_ with the production of creatine in part, has led many investigators to test 
whether guanidine carbonate given alone cannot similarly be dealt with 

| by the living tissues. The probabilities seemed favourable since glycin 
_ js always available in the animal body and guanidine appears to be a 
normal product of tissue metabolism. Thus Achelis (1906)(t) found 
methyl guanidine in human urine as well as in that of the horse and 


dog. Kutscher (1905) 8) had previously discovered. methyl guanidine — 


in meat extracts and he together with Lohmann) soon after confirmed 
. the presence of methyl guanidine in the urine of healthy women. 
Krim berg (1906)(@0) found methyl guanidine in fresh ox flesh and 
Engeland (1908) 1) showed that both methyl guanidine and di-methyl 


guanidine exist normally in the urine of thedogandof mani Koch@e) 
found an increased. amount of guanidine, methyl guanidine and di- — 


"methyl guanidine in the urine of dogs. after This 
confirmed by Burns and Sharpe(). 


Nevertheless all attempts have hitherto failed to Gow that'guanidine 


given with the food or by subcutaneous injection leads to a formation 
of creatine or creatinine. 

Thus Pommerenig (1902) (2a) administered guanidine to 
_ rabbits, dogs and birds (hens) both per os and by subcutaneous injection, 
but obtained no evidence of a conversion to creatine, 4 part, sometimes 


. ‘ag much as 70 p.c., was not excreted in the urine. Gergens and 


Baumann had previously come to similar conclusions:: = 
‘  Ja££é (1906) as) likewise found no increase of creatinine in the urine 


- following the administration of either guanidine or methyl guanidine. — 


_ ‘The substances were given both with the food and by subcutaneous 
injection. Dorner repeated Jaffé’s experiments and also failed to 


pe find any increase either in the creatinine of the urine or in the creatine — 
of the muscles after injections of methyl guanidine combined in some 


of the experiments with glycin to reduce its poisonous effects. 
_ That guanidine however’ occurs in some combination in normal 
muscular metabolism has been shown by Burns(s), who found an 


increase of total guanidine in the chick up to the twelfth day of incuba- 
tion, thereafter a percentage decrease. Paton) and his fellow- — 
workers advance the theory that a perversion of this metabolism | 


accounts for the symptoms following parathyroidectomy. 


' Although it cannot be said that at the time the earlier of the cited : 
experiments were performed the available methods of estimating — 
creatinine and creatine were sufficiently accurate, it seemed clear that 
but little (if any) increase in the excretion of total.creatinine occurred 7 
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ARGININE METABOLISM. 


The 
_ results of nry own experiments do not altogether agree with these results. 
They differ according to the way in which the substance was given 
_ whether with the food or by subcutaneous injection. _ Be 
In Table IV a the 

the food either alone or with other substances. s : 


carbonate plus sarcoaine, (4) sarcosine alone. 
Creatinine (a) per day 


A. Guanidine carbonate—dogs, 


+66 2 days, “76 grm. eee 850-0 837-0 8 
7 2 days, grm. eee 703-0 657-0 3 
é 8 same eee eee 793-0 782-0 871 12 ila) 
Av. 6535 6302 


8a 2 days, guanid. carb. ‘5 grm., | 
glycine -42 grm. 7790 87700 878-0 
86 Sdays,aame ... 8240 833-0 THO 
glycine -63 grm. 6062 5242 4001 + 59 
10 3 days, quantities same as in 
2163 441983 19809 92 
| Av. 6064 5642 
. Guanidine carbonate plus glycine—ducks, 
5 4 days, guanid. carb. -5 grm., 
glycine -5 grm. 7-27 874 731 
6 days, guanid. carb. -3 grm., 
2 days, guanid. oarb. 15 gra, 


the first section of the table 
given with the food, it will be seen that with the exception of experiment 
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THOMPSON. 


the output of total creatinine was reduced. 
experiment the averages for the different periods of the whole group — 
show that in the previous or normal period, the daily excretion of total 


creatinine amounted to 653-5 mgms. while during the administration _ 


the output fell to 639-2 mgms. ve 
In the experiments recorded in section B of the table, guanidine 
carbonate combined with glycine was given with food to dogs. Two 


: of these showed an increased and two a decreased excretion of total — 


creatinine in the urine, the average of the four experiments being a 
negligible increase. In section C the results of two experiments with 
ducks are shown ; in which the same two substances were given with the 


food. Both show a slight increase in the output of total creatinine. | 


The single experiment in section. D with guanidine carbonate and 


_ sarcosine shows a pronounced fall in creatinine excretion whith prob- 


ably cannot be relied upon for reasons explained later. Sarcosine alone 
produced either no effect or a doubtful increase. 
The results of the experiments as a whole indicate that guanidine 3 
carbonate administered with the food so far from increasing the excretion 
of total creatinine in the urine, at all events in the dog, may actually — 
lead to a decrease. The addition of glycine appeared in some cases to — 


‘neutralise this effect. In half the experiments with the two substances 


there was an increase, but the average of the whole was a negative result. 

Four observations were also made on the effects of hypodermic 
injection of guanidine carbonate. In three of these dogs were sae in - 
one, a duck. The results are shown in Table IV b. | 


of parenteral injection of guanine carbonate on the excretion 
| of total creatinine in the urine. | 


in Effect on 

Exp. .. No, of deysand quantities given Before During After 
.. 28 2066 294 + 34 
2 days, same eee eee 902-4 827 22 
4 days, on two days, 
‘5 grm. on two days 657 7120 


"In all of the experiments there was an increase in the output of total 
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pared with 349-7 mgms. in the normal period. That is to say the affect 
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average: daily exoretion in the dogs “before,” amounts to 591-7 


mgms., “during” to 637-0 mgms..and “after” to 560-0 mgms. repre- 
senting em inerease per day of 45-3 mgms. which for the eight days in 
the three experiments amounted to an excess excretion of 362-4 mgms. 
As will appear later 26 p.c, of this excess is due to preformed creatinine, 
leaving 74 p.c. as creatine (not x-creatine) since HCl was used for the 


- gonversion. During this period 2-6 grms. of guanidine carbonate in all 


were given containing 1- ‘714 grms. of guanidine radical. That is to:say 
10-8 p.c. of the guanidine given by hypodermic injection to dogs appears 
to have bean methylated and excreted as total creatinine in the urine. _ 
It is probable however that this is only apparent and that the excretion 


of creatine is to be ascribed to an indirect effect of the guanidine. This 
is supported by the fact that the increased output of total nitrogen. 


in the urine consequent upon administration of the guanidine salt 
was in all cases, except in the bird, much greater than that given. 
In two of the birds there was no increase but the proportion methy- _ 
lated was considerably less namely 3-1 p.c. The output however 
remained high in the after-period, so that in all, probably 5 p.c. of 
the total given by injection. (9 gr) total 


creatinine. 


It may be recalled that Gergens and Baumann as well as 


#4 Pommerenig concluded that the whole of the guanidine they adminis- 
_ tered was not recoverable as such or as methyl guanidine in the urine. 
_ Further Sérensen (2) in his investigations on the method of estimating 


protein cleavage products by formol titration’ found that although 


guanidine salts did not immediately yield methylene guanido compounds _ 
there was evidence of such being formed on standing. It is possible 


that this could occur more readily in the animal body and that the — 
methylene guanido complex might be carried to the further stage of 


ereatine or creatinine. But with the possible exception of the bird it 


does not appear to have happened in these experiments. 
Jt remains to enquire how much of the 
after the administration of guanidine carbonate either with the food or 


by hypodermic injection was due to preformed creatinine. 


Tt may be recalled that there was no increase, but. on the contrary 


fall in the output of total creatinine when the guanidine carbonate 


was given alone with food. It will therefore suffice to state that in the — 
excretion of preformed creatinine there was also a slight fall for the 
period during the administration, namely 347-1 mgms. per day as com- 
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‘THOMPSON. 
se and well within the normal 


variations of excretion so that no fraction of the observed fall in total 
creatinine can be attributed to a decrease in preformed creatinine. 


‘ It should also be pointed out that in three of the four experiments the 
dict consisted of boiled horse flesh, and it may well have been, notwith- —__ 


standing precautions to the contrary, that the results were due in part 
wo variations in the creatine-creatinine content of the diet. ; 

' The results upon the excretion of preformed creatinine in the experi- 
ments in which guanidine carbonate was given by hypodermic injection 
are however different. In these an increase was observed, probably to _ 
be ascribed to tissue ‘The results | 
table. 


formed creatinine in the urine, The quantities given eo ee 


6a 254-9 283-0 269-6 
7 2650-2811 252-8 
Av. 38118 3330 3227 
Duck. 
4 1-60 1-53 


increase of preformed creatinine during the period of injection amounting 
to 11-2 mgms. The corresponding increase of total creatinine as shown 


in Table IV} amounted to 42-8 mgms, per day. That is to say 26 p.c. 


of the. whole increase was due to preformed creatinine. The effect on 


preformed creatinine in the ducks was not observed. 


Where glycine was combined with guanidine carbonate and added a 
the food there was no appreciable variation in the output of total 
creatinine. The same-applies to the excretion of preformed creatinine 
in this group ; the average daily excretion in the urine of the dog during 
the feeding period, being 411-3 mgms. as compared with 412-6 in the 
normal period. In the bird the corresponding figures are 2-51 and 2-13 
respectively. . 

theredore with’ certainty. be claimed fram the: xeenite of 
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_ this accords with the results of previous observers. : 


3... The: eet of pyridine and sodium onthe excretion 
of urinary creatinine. 


In view of the possibility, ‘that the total amount of methylation 


_ . ‘which may oecur in tissue metabolism within any given period may be 
_ Of @ limited nature, it seemed desirable to test whether or not, the 
ittroduction of substances known to require methylation, but devoid 
of the guanidine nucleus, would in any way affect the output of ital 
creatinine in the urine. For this purpose two substances were selected; 

one pyridine foreign to the animal body, the other a salt of nucleic 
gid, nemely sodium nucleinate, the cleavage products of which occur 
in‘animal metabolism. 
‘ His (1887) a8) found that pyridine acetate could be given to dogs by — 


—teans of the wsophageal sound in doses of 1 grm. per day for weeks 


without serious ill effects. Twenty-five p.c, of the total amount given a, 


was recovered from the urine in methylated condition namely as methyl 
pyridyl ammonium hydroxide. He was unable to decide whether the 


new compound was formed by transference of the methyl group to it by _ 
means of an intermediary agent such as an enzyme or was produced as — 


_ the result of more complex. processes of oxidation and cleavage. 


Hofmeister (1894}(19) concluded from an extensive research on the - i 
methylation of various substances, including pyridine, that the process — 


is one which occurs in intermediary or tissue metabolism in all animals. 


- He found that certain tissues retained the power of methylation for — a 
_ @ longer or shorter time after removal from the living animal—in — 
ease of fish testicle (if kept. on ice) for 48 hours—but that it was 


destroyed by heating to 55°C. for five minutes. For these and other 
_ reasons he formed the opinion that.the process was not a purely chemical 


reaction involving extensive oxidation and cleavage, but that the methyl _ 


_ groups were transferred to the foreign substance from a combination 


pre-existing or readily formed in the tissues. This combination was — 
not however dissociated by simple, contact with pyridine or tellurium — 
but required the activity of an intermediary agent of the natare of a 
tissue enzyme. Methylation synthesis however became apparent only 


when the resulting product was not readily oxidised in the animal body. 


The methylation of pyridine was also studied by Abderhalden, 


‘Belen and Schittenhelm — who failed to find evidence of 


ARGININE METABOLISM. 
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it in rabbits or young dogs fed on milk. The substatice was given by 
means of the esophageal sound. In young dogs fed on meat, and ins 
et dog fed on. milk, methyl pyridyl: ammonium hydroxide was — 
wever recovered from the urine. Positive results were also obtained 

by Zin Nosuke Hoshisicy in the case of hens fed on rice cd 
daily of pyridine acetate. 

“The following are the results of my own investigations. ae 
(a) ‘Effects of pyridine on urinary creatinine. Pyridine sen-ehiia io 


__ both with the food and by subcutaneous injection, in the latter quse as 
‘pyridine hydrochloride. The results are shown in Table Va. Infive — 


of the six experiments, dogs were used, in one a duck. In three of the 


' | former the substance was given with food, in two by injection, this 


Tama Va of with food and by 
‘pete on the excretion of total oréatinine in the urine, 


Orestinine (total) exoreted per day 
6 4daysl2tol5oc. 915 25  ##=##j—  withfood  -21. 
hydrochloride 92 788 $42 byinjectin - 2 
lice .. 710 606 — withfood 4 
vw Bdaya,-76 gem. pyri ty) 
dine hydrochloride 605 680 +72. 
2days,350c. .. 715 712 700 
Dik 2tobeoc. 319 37-76 «28-66 injection « + 99 
Av. by injection 705 8805761 


she table will show that when pyridine was given with 


me _ the food there was no marked effect except in Exp. 7 where the.output 


_ of total creatinine fell by over 100 mgms. per day. The results of the 
injection experiments likewise varied, . In one of those with dogs, there | 
was # marked fall, in the other a still more pronounced increase. In the 
_ single experiment on. the duck there was also an increase. Altogether 
_ the results of the experiments with pyridine were too inconsistent to 

give a satisfactory answer to the question at issue. The results’ with 
sodium*nucleinate were however clearer. 
ae (b) Effects of sodium nucleinate added to the food: Bix 
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of sodium gion with fod, on the orton 


Creatinine (total) excreted per day 
bse No. of and 
Dog 6 3 days, 3grms. 884 699 
See 3 days, 2 grms. 607 511 
» 80 Qdaye,Sgrms 7325 7635 
» 86 742 688 
Duck5 = 3. days, 1 grm. 1697 17-78 
Av. 17-71 “11-80 


| idea found no increase in the excretion of creatinine an 
’ creatine after feeding with thymus, liver and spleen. It will be seen 
however that in all of the experiments with dogs in Table Vb, save one 
which is not reckoned, the output of ‘total creatine during the feeding 
period fell considerably. This also applies to the average of all the 
experiments. Thus for the normal period the average daily excretion 


of total creatinine was 744-0 mgms, as compared with 632-8 mgms. 
during the administration and 796-7 mgms. in the after period. The 
effect: of the substance in the case of the birds was negligible—one 


experiment showing a slight rise, the other a slight fall, but in neither 


case did the variation reach 1 mgm. per day. It is not surprising that 
the results in the bird should differ from those in the dog since the _ 


metabolism of the purine bases differs markedly in the two animals. 

It seems therefore pretty clear in the case of the dogs, that when. 
nucleic acid is added in excess to the diet, the result is a decrease in the 
- output of methylated guanidine as judged by the excretion of total 
 @reatinine in the urine. This conclusion is also supported by an 
examination of Table Vc in which the figures are given for the excretion 
of preformed creatinine in the same experiments. 


Ret of given with th fod on the 


Preformed creatinine excreted 
No. of per day in mgma , 
days 
| | 24—2 
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In all of the experiments including Exp. 8a (the exceptional one 
in n Table V b). the output of preformed creatinine diminished during the 


ag _ period of adding sodium nucleinate to the food’. 


The excretion of préformed creatinine in the urine of the ducks was 
not quantitatively estimated during the time when sodium nucleinate 
was added to the food, the colour given with picric acid and alkali being 
too weak to give reliable sitet in the colorimeter by the old Folin 
Method. 

. ‘The effects therefore on the excretion of preformed creatinine con- _ 
firm the conclusion already stated in respect to the excretion of total 
creatinine namely that the addition of nucleic acid to the food leads to 
a decreased output. The experiments show in fact that the major part 
of the fall in total creatinine is accounted for Sa the diminished excretion _ 
preformed creatinine. 
1. Experiments pane on dogs, fed-on noti-meat diet. in which 


es scabnins carbonate and methyl citrate together were given with the food — 


showed no greater effect on the excretion of total creatinine in the urine 
~ “than had-been previously observed with arginine alone. — 


2. ‘When the two substances were however given by hypodermic ae 


injection the excretion of total creatinine was considerably increased — 
beyond that obtained with arginine separately given. Control experi- 
ments with methyl citrate alone showed that part of the increase was — 
due to this substance. Allowing for this latter, the net increase, 


| ‘ : 2 presumably produced by methylation of the guanidine contained in 


‘the arginine, was much greater than when arginine alone was used. 
Calculations showed that with the two substances combined the net 
‘increase dccounted for an excretion in methylated condition of 7-0 p.c. 
of the guanidine nucleus whereas with arginine alone the proportion was 
8, An examination of the outont of preformed creatinine in the same 
experiments revealed a slight increase, which would account for:less than - 
10 p.c. of the total creatinine. The effect on preformed creatinine was _ 
_ not greater than that produced in the control experiments with methyl ‘ 
citrate alone or that observed i in the previous experiments with arginine — 
2 The fact that t Sa is not. 
_ question the accuracy of the estimates for the latter, and on referring back “to the 
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~~ glone, Consequently of the whole increase of total creatinine following 


the injection of methyl citrate and arginine, over 90 p.c. must have been 


_ in the form of creatine. 
4, Experiments i in which arginine carbonate and methyl bensoate 


were given by hypodermic injection to dogs fed on non-meat diet, — 
showed that an additional amount of total creatinine was excreted, 


which corresponded to a methylation of 3-1 p.c. of the guanidine nucleus 
given. This proportion is less than that obtained with arginine alone. 


Moreover of the increase of total creatinine 70 p.c. appeared as pre- 
formed creatinine, in marked contrast to the corresponding results with 
_ methyl citrate where less than 10 p.c. could be accounted for in this - 


way. The addition of methyl benzoate does not therefore lead to an 


increased methylation of the guanidine nucleus. No observations were 


: made on the possible effects of combining methyl benzoic acid with 
arginine. The difference in the effects of methyl citrate and methyl 


benzoate suggests that in the former case the increased methylation % 


observed was due to the basic radical of the salt and not to the methyl 


group attached to the acid radical. Otherwise the results with the two 


eompounds ought to have been similar. 


5. The whole of the acid radical of the methyl benzoate reappeared 


in the urine as hippuric acid. 


6. Experiments in which arginine was combined with betaine and ane 


with choline did not show that the addition of these methyl-amino 
compounds increased the output of urinary creatinine. The dogs were 
fed on meat free-diet.. . 


7. ‘Experiments in which guanidine carbonate was given with the : 


w food gave no indication of an increase, but rather the opposite,a decrease 
in the output of urinary creatinine. The addition of glycine to the 


guanidine carbonate, in some cases neutralised this effect, in others did oF 


not. One experiment with guanidine carbonate and sarcosine showed 
a fall in the output. 


8. When however guanidine carbonate was given hypodermically — 


in small doses there was an increase’in the excretion of total creatinine 


in the experiments on dogs which would apparently indicate methy- | 


lation of 10-8 p.c. of the guanidine nucleus injected, and ih one experi- 
ment with a duck a methylation of about 5 p.c. 


. Srensen’s experiments on formol titration showed that although | 


_ there is evidence of such being formed slowly on standing. In animal 
tissues it is that this occurs more and that 


is no immediate formation of a methylene guanido- compound, 
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Hofmeister. 


the produoed might be even carried to the stage of creatine 


formation. But in view of the fact that much more nitrogen was 


excreted in the urine than was given in the guanidine, the creatine 
excreted in these experiments (with the possible exception of the sore 


probably not directly derived fromthe guanidine. © 


Of the whole increase of total creatinine in the guanidine experiments 
28 p.c. appeared as preformed creatinine, that is as creatine. In most 


m all: 
ale Experiments carried out to test if pyridine, because of its inethy- 
‘ lation in the animal body to methyl pyridyl ammonium ‘hydroxide, 


might in any‘ degree reduce the excretion of urinary creatinine, geve 


results too inconstant to justify wd definite — The oll 


were fed on meat diet. 
10. Similar experiments with sodium some of the. 


age products of which are normally methylated i in animal metabolism 
ieee a decided fall in the output of total urinary crestinine. By far 
the greater part-of this was due to a decrease in the excretion of pre- 


formed creatinine as would be The wee fed 


on meat diet. 
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| those. used for observations on the effects of arginine alone, published in the article 


entitled “The Metabolism of Arginine,” Third Paper, This Journal, 51. p. 111. By « 


vations can be ascertained, The numbers assigned to the animals in both are the same: 
no on dogs nd 6 however are resorded ih, the’ third paper. 

: Where the dates are not consecutive either unessential details have been out out, or 
experiments fitted in which have been already recorded'in the Third Paper. 


(20) B.Abderhsiden, 0. Brahm u, A. Sohittenhelm. physiol Chem. 59. 


comparison of the dates given in the two. sets of protocols the sequence of the obser- 


In Exps. 1 and'g on dogn the numbers of the days the dates of the observations) 
were inadvertently given in the protocols of the Third Paper. Here the dates for the — 


also appended in brackets to enable. the observations to be assigned to their relative 
positions in respect to those recorded in the earlier paper. 


In each experiment the weights were taken daily, the beginning and end weights only Las 
are given in the protocols; the variations of weight in gach period pf the expectmente are be 


_» given in the tables in the text, 


The periods from which the averages in the summary tables in the text have been cal- i 


‘culated, are indicated by blank spaces across the page. The figures under the heading 


“During” in the summary tables are the averages of the days on which the effects of the — | 
gubstances given appeared. That is to say the administration of the substance was begun ey 


and left off respectively, a day earlier those marked in the protocola . 
The weight of arginine given, means in all cases that of the catbonate,>: .. 
The experiments are arranged in two sete—Group A, dogs; Givep B, itkde... | 
and injected; non-meat diet. 
‘Weight at beginning 9275; weight at end 9300 kilos. 


Preformed Total Total ‘Urea 

Methyl citrate 1-4 grm. with food, 


Same injected. 
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“370 
2, “Dog. March 1912, Garoosine given with food: non-meat diet. 
weight at end 8:220kilo, 
Preformed _ Total Urese sss Amino-acid 
@reatinine crestinine nitrogen nitrogen nitrogen 
17 238-2 245°3 1-620 1-300 0306 
2178 1-610 1-264 017s 
» M78 B78 1788 000 
» 22 2203 220-1 1-666 1:423 +053. 0427 
* Methyl citrate 1-4 grm. with food, } Serooeine 2 grms, with food. 
Dog. June 1912. Arginine and meth iat with food and 
non-meat diet. 
4.5 Weight at beginning 5-400; weight at end 5-515 kilos: 
Jane’ 3 127. 128 1-785 1-531 -023 
wie 126-6 1406 HOD 2 
138 2201 1-892 -030 
| » Wt 185 
i » 12 12335 128 41935 L713 - 
oom 1315 13996 10906 1-768 -024 
28 134 131 2187 1002 -047 
14 23381 .100 06 — 
» Wee 117 1606 
1368 130-6 2898. 1-902 065 
Methyl slicate 8 grms. with foot + Same.1 
gem, Injected. 
Arginine carb. 2 grma., mothy| citrate 2 grms. with food. 
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Bens. to Nov. 1912. Arginine and methyl citrate, also arginine 
and methyl benzoate given by hypodermic injection: non-meat diet. om 
Preformed ‘Total Total 
Sept. 19 181-2 197-2 2-044 1:773 -040 ee 
20 182-1 1-932 1-691 O62 
» 22° 187-5 1922 1-901 1-652 0870 
» 2 177-6 1786 1708" 1-468 
24 175-8 180-2 1-942 1-585 0812 
2 1786 18465 1-988 1-686 
177-2 1776 1-950 1-667 044 
1 1745 1-895 1-642 031 
1866 2040 2597 2111 
18208 2240 2-527 065 
~~ 18998 2365 268°. 207 130 
» 186-2 210-9 2436 
76-6 1898 1-911 1625 027. 
16 1786 189-8 L750 — 010 
188-6 189-8 1-830 0085 
» 10 194-7 1972 #23345 # — “104 
» 20 2 262°  — 819 - 
194-7 21606 2565 191 
168-75 1776 1-760 082° 
» 1786 . 1652" — 039 >" 
» 25§ 1766 16007 — 97 
1766 478 — — 029 
» 2% 1828 1643 1-603. 1-805 0-039 ; 
‘we 166-9 166-9 1822 1-528 0041. O12 
170-6 172-4 1816 0-041 028” 
171-5 184-1 2205 1719 O184 
Nov. 1 182-08 194-7 2516 1-924 0-192 O217 
187-5 2320 0-162 184 
161-5 1-743 1-335 0-082 0-058 
138-1, M473 1-480 . 1-170 0074 0-021 
166-9 166-9 L711 1-431 0-049 80-012 
176-6 186-2 1-575 1-148 0-001 0-104 
»  8§ 1898 1-827 1-304 0-107 0-200 
1898 - 197-2 1-864 1-335 0-161 0179 
160-3. 1-538 1-167 0-134 0-038 
1344 1303 1-543 1175 ONL 0-023 
2 1460 146-0 0-036 
Methyl citrate'l grm. 
carb. 2 mi citrate 1 
to signify a small but indefinite quantity more than the epeniiied amount. <i 
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Bap. 6 


injection : choline and. 


Preformed Total ., 
creatinine 


mgms. 


229-6: 
2680... 


253:1 


210 


238-2 


Total 


Total 


mgms.- 


235-5 
253-1 


238-2 


4-221 


4-0145 


4135 


4-263 
46445 


* Arginine carb, 2 grms. injected. 


Exp. 4) 


t Methyl benzoate 2 c.c. + injected. 


| cats betaine on ft thes 
betaine -8.grm. on fourth day, injected. 


|| Betaine -5 grm. injected, 


Arginine carb. 1 grm., choline +1 grm. on first day; 


| 4-256 


Nov. 1 


“Oot, 31 


3 


ees 


ll 


4 

5 

6 

7 

84 

of 
107 
12 
18 
5 
16 
7 
18** 
19** 
20** 
21 
32 


creatinine 
mgms. 


2341 


232-8 


betaine given in same way, Non-meat diet. 


nitrogen 
grms. 


3-762 


3741 


-25 grm. on second day; arginine carb. 2-0 grms., choline “5 gem. om thied day, injected. 


‘ 


- 
. 
10° 
» 10° 2250 2900 3-444 
4 230-0 8-602 
| 2293 2600 9346 
3-762 
” : 
256-3 267-738 : 
4 1910 «210.9. 3-265 
4 2506 2700 4-151 
» WB. 2506 2665 4193... 210-9 225-0 . 3406 
19t 2531 2700 4816 9-498 
vs 2085 8165.’ 3-260 
4 2382-- 4053" | 
» 22 206-6 220-6 3-304 
23§ 230-1 243-9 4102: 202-5 218-0 2-730 
247-0 253-1 3-892 210-6 238-2 3-500 
4 26§ 2500 250-6 
2186 226-5 35770 
4 
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Bap. 6. Nov. and Deo, .1013.. Guanidine and pyridine given end 
injected Des food, Non-meat diet Nov. 2-18, 


creatinine creatinin creatinine nitrogen 
Date thems. ingme. gems. Date mgms. 
262 276 2-779 Nov.26 4676 823 *16-714 t 
25057 281 34007 » 20] 5125 
| 970 16-856 . 
ot 2865 208 2712 Dec. 1 475 976 16198. 
» 10- 264 -- 289 3-010 BT - 825 .19-250 
20° 445 949 18-116 
n 2 412 755 "15820 21% 405 675 9-068 
371-5 764 12-852. » 22%* 418 578 14-112 
24 397 “988 212 99 25 382 910 15-120 
A *+ Guanidine carb. injected -5-grm., non-meat diet. 
Zs Guanidine carb. with food 5 grm., meat diet. 
Guanidine carb: injected -5 meat dict. 
Pyridine with food 1-2 0.0. Sr, hind oth 
Sodinm nucleinate 3 grma. with food. 


Bep. 1. Dog. ‘Nov. and Dec. 1918: Guanidine with fod 


‘Weight at beginning 5-613; weight at end 5-840 kilos. 
276. 746 16-148 Deo. 12 250 706 16-224 


Noy. 25 
» 26 254 660 14-308 
» 27% 23 609° “14-272 191-0 14-092 
” 20 277-5. 568 14-574 
4° 200° «B80 2360 480. 14924" 
» 8 256 6725 13-602 » 23 2% 600 14168 
256 780. . 13-806 » 266°: 4-960 
‘Two days omitted—male fern given 766 12616 
‘* Guanidine carb. with food. 
with fod. § Pyridine hydrooh. 6 
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Date mgms. grms. 
Feb. 8(m) 419-5 706-5 23-64 
413 7650 23-32 
10° 3538 6705 2201 
11° 46 21-95 
424 828-5 23-28 
308-6 815. 23-04. 
» 14 482 309 21-92 
«16 675 22-02 
431 656. 23-00 
461-25 720 22-66 
pos 458 844-5 20-52 
580 7162 21:78 
» 20 518 151-5 23-17 
4655 679 23-10 
6645s 
23 471 169 21-03 
» 25(m) 445 166-5 21-43 
Mar. 20 485-5 187-5 25-01 
475 79006 23-74 
» 2 440 816-5 
871. 276 
(m) 6125 23-24 
» 26 500 925 
525 633 21-46 
512-5 931. 20-89 
» Sl(m) 506 826-5 21-33 
April 1 455 723°. 21-31 
565-5 91 . 25-66 
525 818. 2481 
4 512s BBS 26-65 
» 45 506 25-20 
ee 506 771. 25-14 
» 8. 485 782 25-11 
Bodiam musleinate 
Pyridine with food 38 a 
"second through an 


Weight. at begitining 13-008; weight at end 12-428 kilos. 


THOMPSON. 


& Dog. Feb, to April 1914. with 
guanidine carbonate with food; guanidine carbonate and glycine with food. = 
diet, 


2 


t 


22°85 
22-97 


NH 


nitrogen 


1-065. 
1-133 


~ 


BE 


with food. Sodium nucleinate with food. 


Guanidine carb. -5 
Guanidine carb. -5 grm., grm. with food on first day, fall 
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19-18 
it 
19-86 

19-25 
5%, 

RQ 

19-71 ‘873 

23-86 

837 
2246 ‘1-229 ¢ 
24-01 1-380 

| 2287 1-264 
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ARGININE METABOLISM. | 
ep. May and Jone 1914. carbonate snd with 
‘ guanidine carbonate and sarcosine with food. Meat diet. 
| Weight st beginning 11-006; weight ‘at end 12-210 kilos, eae 
_ Preformed Total Total Urea NH, Amino-acid 
May 18(m) 4475 20-126 1106-0600 
486-0  683:1 21-7956 20-088 0910 
24-192 23-167. 51120-0874 
445-0 00-0 21-405 11186 +1326 
June 5(m) 5165 813-7 22-032 «20-650 
St 8060 7065 26332 21-1398 10184 -0756 
6080 10880 25368 22840 -9702 63:0 
18 7670 10085 88705 
» 1 6750 9870s 20-505 -0067 
| and with fod et day and 48 gr, mond and 
days -75 and -63 grm. respectively, 
Guanidine carb. 16 grm. sarcosine -7 grm. with food.. 
_ Sarcosine -75 grm. with food, 


After date indioten's now mxpply of meat (boiled horse 


Dog. May 1914. and given with food, 
Partition of nitrogen in urine observed. Non-meat diet. — - 


Weight at beginning 7-905; weight at end 7-780 kilos. 4 


16 1622 2256 NT = 
17 0702080 1855-0048 
18* 1648 1962 9190. 2613 -1860 ‘ 
1656 1978 3458 2853 -0166 
» 20* 1604 1988 9160 2026 
» 182 10068) 8078 
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Guanidine carbonate 


- Weight at beginning 2-200; ‘weight at ead 2-580 kilos 


19 
20 


18. 


31-69 


27-72 


29-82 
87-10 
29-60 
33-74 


«81-77 


82-59 


1487 
1434 


in grms. 


Total 


36-53 
33-40 
40-17 


98-88 


34-10 
27-50 


_ Guanidine carb, grm, injected. 


Duck. ‘Web., Mar., April 1914. Sodium mucleinate with food 


0-608 


-14 | 

+, Guanidine carb. and glycine grm, each with food. 


Weight ot beginning 1-200; wight st end 
0-670 


0-596 
9-490 
0-275 
0-535 
© Sodium nncleinate +75 grm. with food. 


7 


Sa “ 
” 25 2-610 
2 26 2-806 
28 24°38 2-676 
” 
A 
PYTIGING NY *20 Erm. rst, second and third days, -5 grm. fourth > 
= Weight at beginning 2-560; weight at end 2-540 kilos. 
B. Feb, 6 15-90 0-561 Mar. 26. 7-67 
7 15-53 12 
0-492 j ” 26 7 
19-47 0-779 27 6-86 0-406 
” ” 
7 42 0-206 
9* 17-47 0-643 
ex 
4 10* 18-42 0-700 29 5-93 
a 17-29 0-587 30 6-67 0-677 
” 
» Sit 1613 0-701 
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ON DENERVATED AND ON REGENE- 
RATING MUSCLE. By J. LANGLEY, PRS 


experimental error in estimating the degree of muscle atrophy I have 


mentioned in @ previous paper (1) and I need not recapitulate them. 
_. all cases the muscles were taken as nearly as possible alike on the two 

sides, but.as the experiments were made at different periods in the last — 

year and a half, the amount of tendon taken has varied somewhat. — 


A certain amount of tendon is necessarily taken. Since in some cases the muscle 


| fibres only gradually cease in the tendinous mass, and the point of disappearance varies, ; 


T have cut the lower tendons at the ankle joint. The foot was placed at right angles to — 
the leg, the tendo Achillis (after separation of the ligaments and isolation of the soléus — 
tendon) was cut where it begins to enlarge; the tendons of the extensor dig. com. and the 


tibialis antious were cut at the annular ligament of the former. The peronei were cut at _ 
the joint 20 that two of the tendons were long. About -5 cm. of the upper tendon of the | 
_ exten. dig. com. was taken. 


It may be noted that the estimated percentage difference in weight on the two sides is 


more liable to error the smaller the muscles and the more extensive their attachment to _ 


bone or to s common tendon, Thus the probable error in the estimated percentage 
is greater in the popliteus and in the peronéi than in the gastrocnemius or 


extensor dig, com. 
@are is taken, 


were: weighed 40-0 nuilligram, and: the estimated: per- 


centage difference calculated from this. In the tables, the weights are 


only given to the nearest decigram, so that.in Tables V and VI the 


estimated 'p:c. difference does not exactly correspond with the weights. 
The ‘rest of flexor group’ in the tables includes such of the four muscles 


_—popliteus, flexor longus dig., tibialis posticus and flexor longus hallucis 


—as are not separately mentioned. I have used the usual nomenclature, 
but the term flexor 1. hallucis is singularly little descriptive of the 


tauscle so called. 


Table I, observations are given of the difference in weight af corre- 
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_ Inthe nine muscles weighed, the difference in weight on'the two sides is 
from 1 to 8 p.c. in five cases, about 5 p.c. in three cases, and nearly 


9 p.c. in one case. I have not made more observations on unoperated 
animals, since thirty-two undenervated muscles on each side of the 


body were weighed in the experiments in which nerves to other muscles 
were cut, and these give results which are sufficient for the conclusions — 
drawn in this paper. The results are given in Table II. The percentage 
difference in these is no doubt somewhat greater than in unoperated 
animals since in unilateral partial denervation, the limb for a time is less 
used and in this limb there may be slight disuse wasting in the unde- 

_’ nervated muscles; and moreover in all these cases the tension of the 


muscles was unequal on the two sides in consequence of more or less 


‘paralysis of the antagonists on one side. Generally it. may be said that 

_ in considering the degree of atrophy, difference of 5 p.c. on the two _ 

_ sides must be disregarded, and a difference of 5 to 10 p.c. treated _ 
with caution to ari extent varying in the several muscles. a eae 


+ Tanta I, Difference. of weight of musclés on the two sides in normal cate, ae 


Exp. 1 Exp.2 


"Body weight in kilos 


of regeneration. Observations on four animals are given in Table Oi, | 
Two others on the effect of section’ of the internal popliteal nerve for 


- 


+ i 
Age 
‘ 
3 
a 
: Cc. 
in difference att 
19-52 ~ 0-23 20-76 +3-0 
‘ -6-8 
4 of flexor group 6-86 1-02 7-08 
4 Mxtensordig.com.... .. — 2-24 +45 
Peronei soe eee — : 2-30 +8 7 
2 dos weight in undenervated muscles dn the two sides in “ 
c: | in which there was more or less paralysis of the antagonistic muscles : 
side. (See Tables III, IV, V, VIL. 
| V, VIL) 
8 flexors anticus dig.com: Peronei | 
0- 1-1 30. 30 2-2 
3 
4 0-9 1-2 4-8 3-0 7-0 9-2 40 
21 18 8-8 84 5-6 
| 
4-0 71 1-3 
5-1 9-3 Bed 
| 
a 
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twenty-five and twenty-seven days have been given in an earlier paper 
(@) p. 343). In all six cases the estimated’loss of weight of the soleus 
was considerably less than that of any other muscle. Whilst the soleus ~- 
is a red muscle it would not be safe to conclude that all red musclea 
behave like the soleus. The variations in the weight of the other 
museles are not sufficiently constant to allow any definite conclusion 
to be drawn from them. It may be noticed however that in the extensor — 

i group of museles the estimated loss of weight is roughly proportional to 


the time of denervation and that is no th in this 
the flexor group. | 


_ the left side; in Exp. 4 of internal popliteal nerve; in Exps. 3, 5, 6 of both popliteal 
‘nerves. The percentage difference of the denervated muscles are in black type. 


2 days 20 days 

and plantaris 31-21 1804 -456 27-04 -43 #2350 -—480 
5 Soleus .. 345 -148 205 - 61 280 -126 384 -255 
hall. 


Flexor longus} -381 | 509 | 893 208 -~364 


‘ dig. and tibi- 
Popliteus” ... 160 -433 0-97 -258 
Tibialis antious 7-16 -42-8 $02 -22 614 5673 
cm. $22 -30-7 218 92 308. ~86-4 $14. -44 
- 88-2 225 33 336 -324 200 -418 


In all cases there was more or less active fibrillation in the gastroonemiusand very little 
in the soleus. The.extensors were only observed in Exps. 3 and 6 and only three to four 
- hours after the beginning of anwsthesia; the fibrillation was considerably less than in the 
a gastrocnemius dnd was slight in the peronei. In Exp. 6 the cat was long-haired and there — 

the hair had fallen out. 


q -. 'Bable TV gives two experiments which are nearly of the same kind as 
‘s the preceding. In Exp. 7 the peroneal nerve was compressed but not 
completely, and stimulation above the neurome caused trifling 
> eontraction in all the muscles. In Exp. 8 stimulation of the nerve 


“9 
4, 
igh 
? 
ha 
as 
45 
oy 
| 
| 
ag 
| 
q 
ON 
a 
| 
| 
| 
| 
| 


the other experiments the éstimated atrophy of the soleus is much lees 
than that of the other muscles of the flexor group. 


Tastx IV. Loss of weight in nearly complete absence of nervous connexion. <a 
nearly complete compression left peroneal nerve. a 
on left side; beginning nervous connexion. ) | 


Exp. 7 Exp.8 
Weight at operation in kilos 2-09 
night "on lett Right 
Gastrooemius and plantaris 1331 + 08 
Soleus 1-83 +93 3-03 3 
| group 5-38 +54 837 
Peronei 2-12 —13-7 3-00 - 4' 


‘In Exp. 8, the fibrillation was slight but fairly obvious. In Exp. 8 the heel could be — 
| _ raised slightly in walking, but it collapsed with very little weight (op. Exp. 12). 


3. Weights of muscles on denervated and on undenervated sides during — 
—' regeneration after interruption of the continuity of the nerve by compression. 
‘ T have not found it practicable to determine with any accuracy the 
_ progress of regeneration by the behaviour of the animal, though marked 
recovery is recognisable, and I have relied mainly on the effect of nerve _ 
- gtimulation in the anzsthetised animal shortly before killing it. a8 
A cat a few days after section of the peroneal nerve walks on a level 
surface in a manner not at once distinguishable from normal. On close 
observation it will be seen that there is a tendency for the ankle joint 
to bend a little laterally or medially and for the paw to rest more on — 
the phalanges. On uneven ground the toes are now and then bent 
dorsal surface downwards. If the animal is held up with the hind toes 
just touching the ground and gently pushed forward, the toes double © 
over ;. this lasts longer than the other symptoms, but it also decreases 
apart from regeneration. Sometimes the feet are lifted —— 
high in walking but this is not constant. - 
Two normal actions are recovered very slowly ; the reoovery was not 
complete in any of my cases. | 
_ but the foot at first does not touch the ee 
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toes are usually more or less separated from one another, and in all cases 
‘the toes separate, though to a varying extent in different trials,on 
suddenly lowering it in the air. The separation increases when the toes - 
_ just touch the ground and the cat endeavours to obtain foothold. After 
section of the peroneal nerve the separation of the toes (except that of 
the 2nd digit which can be abducted by the posterior tibial nerve) does - 
~ not occur until there is some recovery of nervous connexion. In the 
early ‘stage of recovery, abduction of the 5th digit occurs as the foot | | 
. touches the ground; distinct separation of the 3rd and 4th digits ‘is a 
only obtained later. But when the movement. is slight, a number -of s 
trials is required to make certain that the separation of ‘the toes is not 
due simply to the weight of the body. In a later stage, separation of the 


Ae toes ocouts on lowering the animal in the air, its extent depends on the ea) 
Fs suddenness of the downward movement. 

| *,. After section of the tibial nerve, the recovery symptoms aremuch 
pa more distinet.. For some time, the heel touches the ground in walking; - ae 
ae regeneration takes place it is kept off the ground more and more, but 


‘i the change in the position of the limb is so gradual that the date of 
beginning tegeneration cannot be definitely fixed. The abduction of 
: the 5th great when held up in 
= the air. 
Tp order to the effect of nerve connexion | 
on the progress of muscular atrophy the continuity of the nerve was 
broken by compression, since this gives the best conditions for uniformity 
. of regeneration. The peroneal nerve was compressed in three experi- 
>. +» maents about -75 cm. proximally of its dipping down under the.peroneus_ 
longus. The method adopted was to place a sterilised metal rod longi-— 
t - tudinally on the nerve, tie the nerve tightly round the rod and then to 
: remove the ligature. The rod was used because the peroneal nerve in 
this region is @ flattened band, and compression around a rod would be 
Fe leas likely to break the neurilemmal sheaths. I estimate that the latter 
‘were emptied for about -5mm. The internal popliteal nerve was tied 
, firmly ‘with a slip knot and the thread released. The completeness of — 
severance of continuity was tested by: microscopical examination after _ 
death. The musculo-cutaneous nerves at the ankle and one or two 
muscular nerves were teased out, and all the fibres in them were found 
to have undergone Wallérian degeneration. 
The results of the in Table are in genera fotares euch 
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MUSCLE arROPHY. 


of nervous connexion with the muscle begins very soon. It is indeed 
_ surprisingly rapid, for in three weeks slight power of abduction of the — 
contraction of the muscles. 

is known that with recovery of nervous connexion, recovery of 
_ muscle weight occurs. A comparison of Table V with Table III shows 
that in all the.cases of nerve compression there was more or less recovery _ 


_ of muscle weight. But the results also emphasise the gradual nature as 


of the recovery in nearly all the muscles. Nervous connexion was 
- eonsiderable three weeks after compression, but the tibialis anticus a 
fortnight later was 23 to 24 p.c. less in weight than that of the other - 


side. The gastrocnemius and the flexors of the toes had about the same _ 


_ deficiency seven weeks after compression. It will be noted that in Exp. 8 
{Table TV) in which nervous connexion was not established till there was. 
great muscular atrophy, and then only to a slight extent, the estimated 
loss of the gerizocoemius and of sie flexor group of muscles was about 
p.c. 


afforded by the soleus muscle. In Exp. 12 the soleus on the side of 
_ gerve compression was practically of the same weight as that of the 
'. wndenervated side, which itself was of normal weight. A similar 
equality between the weights of the soleus on the two sides occurred in 
an experiment which I gave in a former paper ((1) p. 343) in whicha 
certain degree of nervous connexion had been established, although | 
‘the cut nerve had not been sutured. Whilst.further experiments are 
required on this point the results tend to show thatin thecatthe soleus 
recovers more quickly from atrophy than the other muscles. And we — 
have seen that in the experiments it atrophied more slowly. | 

It is known that the regéneration of nerve is centrifugal, and that i in 
general the longer the nerve the longer the time taken in recovery, 
After suture, as Howell and Huber() have shown, the shorter nerve 
course is not always the first to regenerate, since the time of regenera- 
tion depends upon the co-aptation of the ends of the nerve. But after 
- mncomplicated nerve compression, it can hardly be doubted that the 
Shorter the nerve course to a muscle, the sooner its atrophy will cease. 
Qn this account I should be inclined to attribute the slower recovery of 
the flexor niuscles (except the soleus) in Exp. 12 than of the extensor 
muscles in Exps. 10 and 11 to the longer. stretch of nerve between the 2 
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"' glo account for the (apparent) less atrophy of the peronei amongst 


the extensor muscles since the nerve course to the peroneus long. is the — 


- ghortest. The difference in nerve response after three weeks and after — 


five weeks shows thatthe nervous control of the muscles increased in the 


interval. This is probably due partly to increased nervous supply and | 


partly to increased muscular response. The rate of ‘regeneration of 
nerve fibres depends, amongst other factors, on the vitality of the nerve 
_ cells from which they arise, and this varies, as is shown by the unequal 
chromatolysis in the cells when the nerves are cut. It is possible too 


that the block caused by simple compression is unequal in small and in 
large fibres. So far as there is a difference of time in-the establishment — 


of nervous connexion with the several muscle fibres of any one muscle, 


it must tend to prolong the time required for the whole muscle‘to recover _ 


its normal weight, so that the rate of regeneration of muscle fibres is no 


doubt somewhat more rapid than is indicated by the total increase of ee 


weight, 
+ In Exp. 10 the cat was given 340 mgms. of calcium lactate daily in milk on the lines 
of earlier experiments (1) in the hope that it would reduce the fibrillation and thus possibly — 


reduce the atrophy. It was compared with the cat of Exp. 11. No certain difference was _ 


found in the recovery symptoms. At the time of death there was slight fibrillation, and 


_ “hone, so far as was seen, in the control. As will be seen from the table, the atrophy was — 
practically the same. In Exp. 10, however, the nerves appeared to respond to a somewhat — 


weaker current than in Exp, 11. 


4. Batimation of the original weight of atrophied muscles, when the 


nerves have been cut on both sides. In my previous experiments(1) on 
the effect of electrical stimulation and of passive movements on muscle 


atrophy, the nerves were cut on both sides and treatmestqgeplied to 


one side, since it might fairly be expected that the rate of atrophy of 
_ corresponding muscles on the two sides.of the body, would, apart from - 


_the treatment, be nearly alike. I have followed the same method in — 


comparing the effects of different forms of suture. In such experiments 


estimations of the degree of change from normal on either side lose the — 
guide afforded by the knowledge of the approximate original weight 
_ which is given in unilateral denervation by the weights of the muscle on — 

_ the normal side. 


: Probably in any one breed of animals, there is a general relation between the body | | 
_ Weight and the weights of the several musoles, but there are no sufficient data with regard, 


to this. The body weights in my experiments take no account of the contents of the 
alimentary canal, or of the amount of fat, or of the breed. _. . s 


In cases in which some of the muscles only on the two sides — e 
denervated, a rough estimate of their original weight can be made by 


he 
my 
‘ga 
¥ 
TRE 
4 
> 
, 
: 
as 
| 
Wa 
Ss 
+ 
74 
4 
q 
ig 
j 
a 
ay > =, 


MUSOLE ATROPRY. 


sine the relation of their weight to that of the veiaiisnitiiat muscles. 
_ In Table VI,I give the weights of the extensor muscles of the leg in relation 
- to the weight of the gastrocnemius and plantaris gathered from the 


experiments given in this paper and from three previously published. 
As the second decimal is here of no value, the numbers are given to the 


nearest first decimal. The not inconsiderable variations shown insome _ 


of the cases are in part due to the different conditions of the experiments 
and to the somewhat varying amount of tendon taken, but to what — 
extent can only be settled by direct experiment. Notwithstanding,the 


variations it will be seen that there is a general relation between the 
weights-of the several extensors and that of the gastrocnemius. 
_ plantaris, sufficient at any rate to allow some conclusions to be drawn as__ 

following section. 


It ‘will be noticed that with i increasing weight of the gastrocnemius, 


the weight of the tibialis anticus increases more than does that of the — 


extensor dig. com. or the peronei, i.e. with i increasing body weight the 
extensor of the toes increases in weight psa less than ite main : 


and extensor of the foot. 


VI. Relative weights of muscles, 


18-4 48 
18-9 3-9 22 
239 


guture on the two sides. Three experiments were made in which the Bey a 
‘peroneal nerve was sutured on both sides in varying conditions. In all _ 
| eases the method of suture was the same. A catgut ligature was passed . 
transversely through one end, then similarly through the othet end, and — 
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LANGLEY. 


“netbe in éach case was exposed in the latter part of ite course over 
the gastrocnemius. The objects of the experiments and the method of 
making them were as follows: : 

‘Exp. 13. Since the hindrance to recovery in primary nerve suture 
is largely due to connective tissue formed at the central end, it seemed 


possible that by killing a small portion of the central end the formation — 


of connective tissue might be retarded more than the down growth of 
the axons. An equal length of nerve was isolated on each side and cut. 


On ,the left side a piece of indiarubber was placed under about 5 mm. of 


- the central end and 95 p.c. alcohol brushed over it for two to three 
minutes; the nerve was then well washed with sterilised Ringer’s aaa 
_ On the right side the nerve was cut and sutured. , 


Exp. 14. The peripheral part of the peroneal nerve consists for the ) 
 - most part of separate nerves for the muscles of the legs (op. Langley 

and Hashimoto@)). In suturing it, corresponding ends cannot be kept — 
in contact with any certainty. It seemed possible that the wandering — 


. of nerve fibres into wrong channels might be lessened by separating the 
" nerves and cutting away as much as possible of the epineurium, though 
this is but small in amount. The peroneal nerves were exposed, and 


lem. isolated. On the left side the nerve bundles, seven in number, | 


were separated, cut, and spread out fanwise, the ligature being passed 


3 _ just above and below the isolated portion. On the right side the nerve 
was simply cut, and ligatured in the same manner.’ 

Exp. 15. When a gap has to be filled up in a nerve, aitthee piece ( 

. of nerve is usually used (interposition suture). The nerves taken to — 


fill the gap are in fact always bundles of nerves bound together by 


_- connective tissue. A nerve in a perineurial sheath, but without epi- 
neurium would offer much less resistance to regeneration. Such nerves 


of considerable size are present in the dog and cat, and if the nerve, 


after removal of the epineurium, is heated to 70°-80° C. the diameter is _ 
increased, the nerve shrinks to about one-third of its length without — 
becoming bent and it can be kept in alcohol. Whilst it is known that — 


dead nerve is less favourable than live nerve for interposition suture, it 


- seemed possible that a dead nerve consisting of a single bundle might 
serve as well as a live nerve consisting of many bundles. In order to 
_ test this 1 cm. of the peroneal nerve was cut on the left side of a cat, 

: and 1 cm. of dead nerve treated as above (the alcohol being removed by 
Ringer’s fluid) was sewn in its place. On the right side 1. om. of the 


| | mg nerve was cut out, and sewn in again. 


tne wae allowed fr regeneration in onder to form some 
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at the time of ‘death are given in Table. VII. 


VII. Muscle weight in regineration after vacious forms of nerve suture, 
‘Suture on both sides, 


Operation ... Alcohol on-bom.of Nerves isolated'on Graft—dead nerve 
Duration of dener- fag | right side 

vation ... +. 58 days 137 days 124 days 
Weight at operation — 2-08 kilos 2-73 kilos 3-23 kilos 

» death 315 4, 3-82 ,, 

planters «6... 2600 — +21 - 10643 — ~30 2561 — 000 


Tibinlis antious.., 218 231 +61 356 300 +97 848 180 
Extensordig.com. 1:78 1414 -190  j## 172 241 +222 007 073 ~-24-76 


In Exp. 13 (58 days) there was moderate to slight fibrillation in the muscles; in corre- . 
muscles it was greater on the side on which the muscle was less in weight. oe 
In Exp. 14, the fibrillation was not looked for. It was noticed in this experiment that 
nerve above the neurome. 
In Exp. 1, ther was slight billion onthe lf side (very slight in the peroni); 


| it was infrequent and barely visible on the right side. 


It is known that recovery is much slower after nerve suture than 
after nerve compression. The slower recovery was very distinct in 
Exps, 13 and 14 as judged by the symptoms, and in Exp. 13 as judged 
by nerve stimulation: In Exp. 13 the nerve on the right side was cut 
and at once sutured, yet nerve stimulation after fifty-eight days had less — 
effect than that obtained after twenty-one days of nerve compression 
(Exp. 9). The slower recovery is also brought out by a comparison ol 


the weights.of the muscles on the right side in Exps..13 and 14in which ~ 


there was direct suture, with those given in Table V after nerve com- 
pression, bearing in mind what has been said in § 6 as to the relation 
_ between the normal weight ef the extensor muscles and the gastro- 

enemius: The recovery from atropliy, after 137 days suture was on the 
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LANGLEY. 


“whole of sbout the same order as that after thirty-six 
pression. 
The comparison also suggests that the rate of recovery of Siecle ‘ 


weight in the several experiments was more unequal after nerve suture 
than after nerve compression, but the method of estimating the original 


. weight of the muscles in the former case is not sufficiently accurate to 


make this certain, and in any case the rate of recovery must depend 


largely on the degree of apposition of the central and peripheral ends of | ; 


the several nerve bundles, in suture. 


Evidence of the straying out of parva fibres into wrong channels was — 
investigated in Exp. 18 on the left side, and in Exp. 15 on the right 


| side. In both, stimulation of the central end of the cutaneous branch 
_ of the musculo-cutaneous nerve after section of the peroneal nerve above 


the neurome caused an axon reflex. This was very marked in Exp. 15 
"in which 124 days were allowed for regeneration ; the stimulation caused 
lively contraction both in the tibialis anticus and peroneus longus — 


muscles. In Exp. 15 the three bundles which are present in the peroneal 


- nerve centrally of the neurome (cp. Langley and Hashimoto()) were | 
_ stimulated separately on the right side; the cutaneous branch had no — 


motor effect (it gave as mentioned above axon reflexes from the peri- 
pheral end). The anterior tibial bundle and the bundle for the peronei, 


instead of causing ‘contraction confined to their own group of muscles 


caused contraction in all the muscles of the leg. It may be recalled 
’ that Osborne and Kilvington@) found that on simple suture of the 
sciatic in the dog, nerve fibres of the flexor division may spread over into 


__ the extensor division. The results bring out the drawback attached to ay 


suturing as a whole the peripheral bundles in a nerve trunk. 
A comparison of the experiments i in Table VII tend to show that when 
even a very short piece of nerve is suturéd between the cut ends (Exp. 15 


Tight side) the recovery is distinctly slower than in simple suture, The — 


recovery of the tibialis anticus was far greater than that of the other 


muscles, indicating that the farther the ends are apart the less regular Ws 


_ the regeneration of the several muscles will probably be. 
With regard tothe special objects of the experiments : | 
A comparison of the weights of the muscles on the two sides in 
Exp. 13 shows that the application of alcohol to the central end of the 
_nerve before suture had no certain effect in either hastening or retarding 


_ recovery. The differences might be due to the unequal growth of the © 


central axons down the several peripheral nerves. 


In Exp. 14 the indicated a better on the side 
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on which the nerve bundles had been separated. ‘The left leg was used 


more normally in scratching and at the time of death sudden lowering 
of the animal in the ‘air caused much wider separation of the toes on the 
left side than on the right. .A comparison of the weights of the muscles 
with that of the gastrocnemius, and with the relative weights given in 
Table V, shows that the recovery on both sides was considerable. The 
better recovery on the left side was the more remarkable since the 
swelling at the point of suture was slight on the right side and rather 
large on the left. Thus the isolation of the nerve bundles had caused 
increased connective tissue growth, but since the nervous connexion 
was on’ the whole greater it may be presumed. that the axon growth | 
largely preceded the connective tissue formation. . 


In Exp. 15'the recovery of muscle weight was much less ontheside 
_.. on which the ends of the nerve had been joined by a piece of dead nerve 


taken from another cat than on that on which they had been joined by 


. the cat’s own live nerve. Nerve stimulation just before death caused on 


the right side strong contraction of the tibialis anticus, moderate con- — 


traction of the extensor dig. com. and less contraction of the peronei. 
The small extent of recovery in the weight of the extensor dig. com. 


suggests that nervous connexion with it had taken place at a late stage. 
On the left side nerve stimulation caused rather weak contraction of the 
peroneus longus, weaker of the extensor dig. com. and a trace only in 
the tibialis anticus. Both inserted nerves were completely absorbed so — 
far as ocular inspection went. The doubtful point in this experiment 
was whether the dead inserted nerve was completely sterilised; the skin — 
wound was well joined and dry five days after the operation, but.on the _ 
tenth day it was found open and slightly septic; after treatment it 
healed in three days. The sepsis may have spel interfered with 
the result. | 
6, Irritability and conductivity of regenerating nerve All observers 


| have found that a stronger induction shock is required to cause con- 


traction when applied below the point of union of a regenerating nerve 
than when applied-above it: In the regenerating portion, the connective 
tissue is increased, there are more or less numerous phagocytes, and 

lumps of myelin are present.. Whilst it did not seem probable that this _ 
change could offer sufficiently greater resistance to the passage of the 
current to influence its effect, it seemed worth while to determine 
whether if a few normal fibres were left in a degenerating nerve, their 
irritability would be altered. In Exp. 7 as I have said the nerve was 
not completely compressed, and a few, but only a few, fibres remained — 
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compression and the threshold was found to be practically the same. __ 

| suggested in an earlier note on this subject that the lack of irri- 
tability of regenerating nerve to induction currents was prebably due 
their short duration. But there is a similar low irritability of ree 
generating nerve to galvanic currents. These have been used by some 


early observers. I confirmed the observation in Exp. 9. The current 
was made and broken by a contact key put down by hand. A very 
much stronger current was required to cause contraction when the nerve 

was stimulated suit the point of union than when it was nnn. 
above. 


neurome with the seo. coil at 34-35 om. from the primary ; a little below the neurome with 
the sec. coil at 11. An accumulator cell was then joined up to a rheochord-wire 1 metre. 
Above the neurome, contraction was obtained with the rheochord contact at 14cm. 


e at 100 om. More slowly rising currents have still to be tried. 


7. Fibrillation.” In the experiments of Kato and myself (6) fibrille 
tion in denervated muscle did not begin for a day or more after the 


nerve section. I have made oné other experiment to test this. The 
left. internal popliteal nerve was cut in a cat, and the muscles were 
examined seventy-one hours later. No fibrillation could beseen. Stimu- [| 
- lation of the nerve caused. no contraction. Thus the changes produced | 
by denervation must reach certain before they lead to 
fibrillation: 
+ Variations in the degree of fibrillation are not easy to be certain 
about, since its distinctness depends upon the degree of illumination, — 
the-angle of incidence of the light, and the amount of surface fluid. | 
When fibrillation is feeble it requires very careful obsérvation to see it 
at all. It was mentioned by Kato and myself that in some cases the 
fibrillation varied considerably in different parts ‘of the gastrocnemius. 
‘There is in fact, usually some difference in intensity in different parts 
in all muscles, In the tibialis anticus, the fibrillation is usually most 
active in the upper portion. Further, adjoining muscle fibres appear 
to be differently affected, for when the fibrillation i is not active it may 
_be distinct in some small patches, slight and very rare (if not absent) 
in others. When fibrillation is active, it causes a short indentation 


{about 1 mm.) on the surface; when it is slow, the indentation may 


either be of the same length or be longer (8 to 4'mm.); in the former 4 
case the contraction is apparently weaker ; in the latter case apparently : 


stronger. 
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_. The immediate cause of fibrillation is probably: an increased per- 
meability to salts. I have mentioned in an earlier paper() that 
intravenous injection of 150-300 mgms. of calcium chloride lessens and 
may stop it. But the effect varies in different animals. : The cessation 
so far as I have seen is always ‘rief, commonly the heart is stopped 
before the fibrillation. Potassium iodide 1 p.c. locally applied in one 
case catised a decrease, in another it had no effect. A similar result 
was obtained with 5 p.c. guanidine chloride. The injection of pituitary 
extract (l¢.c. vaporole of Burroughs ‘and Wellcome said to contain 


-2 grm. of fresh pituitary) caused pallor of the muscles lasting half-an- 


hour but did not affect the fibrillation. I had expected that it would 


_- yeduce the fibrillation since Kato and myself had found this effect with 


adrenaline which causes less protracted pallor. The variations which — 
occur on injection suggest that the fibrillation. is influenced. by some- 
thing set free in the body. 


Fibrillation is increased by warmth and decreased by wld itdecreases — 


during prolonged anwsthesia and this may in part be due to a direct 
action of the anwsthetic. Notwithstanding the decrease on fall of 
. temperature, it is remarkable how long the fibrillation may continue 


after death. Kato and myself described it in rabbits as lasting fora 


few minutes but we did not watch it to its cessation: I have paid 
attention to a few cases in cats, and find that it may last for half-an- 
hour after bleeding to death an anwsthetised animal, gradually becoming _ 
more feeble and infrequent and cenniag in the different muscles at 
different times! * 

& If fibrillation is the cause of atrophy, the ‘coabeis other things being 
- equal, would be greater when fibrillation is most active. One difficulty 
of determining any relation of this kind is that the fibrillation observed 


pt the time of death is not necessarily that which has occurred during 


the previous period. My observations have been made at various times 
during the course of anesthesia so that they are not no comparable. 
The results, so far as they go, are as follows: 

' There was a striking difference between the degree of fibrillation of + 
the soleus and gastrocnemius; in each of the eight cases which I have 
observed, the fibrillation was much less in the soleus than in the gastro-— 


cnemius and as said above the atrophy was less. It may be mentioned — 


that in the rabbit Kato and myself) did not find any constant differ- 

ence in fibrillation in the two muscles. 

“ ‘In the experiments on denervation without regeneration (Table i), 
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after the beginning of anesthesia; it was much less in the extensor 
muscles, and there was no direct relation between the degree of fibrilla- 


tion and the estimated atrophy of the muscles.. It. may be noticed 


however that in one-of these experiments (Exp. 6) the pathological 
- condition of the skin may have affected the on percentage 
difference of weight. 
In the experiments on nerve compression wishcosaiaiadias (Table v) 
the fibrillation was slight after twenty-one days, there was very infrequent 
slight fibrillation after thirty-six days, and it was doubtful whether there 
was any after thirty-eight and forty-eight days. The results point to 
a fairly rapid cessation of fibrillation—as of atrophy—in this form of 
| regeneration. Buta puzzling point is that there was very little fibrilla- 
tion in Exp. 7 (Table IV) nine days after a nerve compression which was 
nearly complete. 
In suture the conditions are more complex, since some fibres may 
_ receive nervous connexion and others may not. Further on the theory 
that fibrillation is the cause of the atrophy, the fibrillation should 


decrease in prolonged denervation since the rate of atrophy decreases. 
In the experiments given above some evidence was obtained that both 


these factors are operative, but there were considerable differences in 


the duration and extent of the fibrillation in the different cases. In 


_ Exp. 8 (Table IV, 56 days) there was great atrophy with just beginning 
regeneration, and the fibrillation was slight; but in Exp. 13 (Table VII, 


68 days) with considerably greater recovery there was better fibrillation. 


In the latter case the degree of fibrillation on the two sides corresponded 
with their degree of atrophy. In Exp. 15 (124 days) there was slight 


: a fibrillation on the left. side on which there was very little regeneration, 


but there was much less on the right side on which there was much more 


but still incomplete regeneration, and on this side the aera did 


not correspond with the degree of atrophy. 

Whilst then’ the theory that fibrillation is the cause of shuns is in 
- harmony with some of the facts, it is not, so far as the experiments have 
. a in harmony with them all. 


of rs experiments given in this paper was a splint put on to prevent 

_ extension of the paralysed muscles; The cats with paralysed extensor 
_- muscles were kept in cages for about a week, they were then put in a 
run opening into an out-of-doors enclosure and the animals walked 
freely. Thus whilst there were frequent passive movements of, the 
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by their antagonists. The cats with paralysed flexors were kept in 
cages until in walking they could raise the heel slightly from the ground, — 


they were then let out for intervals depending on the degree of recovery. . 


The rapid progress of recovery in the cases given in Table V shows 
that the stretching of the paralysed muscles by their antagonists had — 
little if any injurious effect. If there was any it must have been approxi-: 
mately compensated by the beneficial effect of the niovements which 
were allowed to take place. 

It seems to me incorrect to speak of paralysed muscles stretched by 
‘ their antagonists as being in a state of over-extension. They are not 
more extended than they sometimes are by perfectly harmless move- 
ments in life, and their tension is less than in such movements since 
_ their own tonic contraction is abolished. What is injurious is not the © 


extension itself, but its long unbroken continuance, just as the tonic — 2 


shortening of the antagonists is not injurious unless it is protracted. 
As the muscle atrophies it is less and less able to withstand abnormal 
conditions and protracted extension becomes more and more harmiul, — 
In the early days after suture, movement of the joints tends to draw 
the nerve ends apart; whether it does so or not_depends upon the 
_ firmness of thé suture and its position in the length of the nerve. But 
_ the ends of the nerve are soon fixed by connective tissue growth, this 
fixation indeed is an important function of the connective tissue, and 
moderate movement then has no harmful effect. _ | 
So far as these statements can be applied to man, I conclude that in 
cases of primary suture, whilst the paralysed muscles should on the ~ 


whole be kept relaxed, moderate passive movements might be carried —_ 


out with advantage two or three times a day as goon as the movement 


does not strain the skin ligatures. Probably in many cases a splint oe 


slight movement would be better than s one.’ 


The effect of nerve degeneration and regeneration was studied chiefly  - 
from the point of view of changes in 1 the muscle weight. All the observa- 
tions were made on cats. 
The corresponding muscles of the leg of the two sides in normal. 
animals usually differed in weight from 1 to 5 p.c., but occasionally there 
‘was a larger difference. Consequently in the atrophy of 
_ museles all differences up to 5 p.c. must be neglected, and differences — 
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from 5 to 10 p.6. considered only in proportion to the constancy of thei 


occurrence. 

The denervated soleus musele lost weight less rapidly than the other 
museles of the leg (8 Exps.). In the two experiments in which there 
was. regeneration it recovered weight more rapidly than the other 
muscles. 


| "On interruption of the continuity of the peroneal nerve by compres- 
gion, nervous connexion with all the extensor muscles of the leg was 
‘rapidly established, even in three weeks marked contraction was 


obtained on nerve stimulation. The atrophy at tis time had begun 
to disappear ; its further decrease was gradual. 


After nerve suture, the recovery from atrophy, as weak be expected, 


: was very much slower; the experiments suggest a greater inequality in 
the recovery of the several muscles than in nerve compression and a still — 


again. 
z Three experiments were made on the comparative recovery on the 
two sides after suture of the peroneal nerve in various ‘conditions. 


(a) There was no certain difference in recovery when a small 


ve portion of the central end of the nerve on one side was killed by alcohol. 
‘.-- (0) Isolation of the bundles of the nerve dei to favour 


(c) There was much better recovery on insertion of a saeoe of the 


‘ animal’s live nerve than on insertion of a piece of dead nerve which had _ | 
a + peinenne sheath only, but in the latter case there was some sepsis. 


_ When a few sound fibres are present in a nerve the remaining fibres 


of which have degenerated, the threshold of irritability is practically 


the same throughout. The observation that the irritability of regene- 
rating nerve is low for galvanic as well as for induction currents was 


confirmed. 


The activity of the fibrillation as at the time of death was ech 


- Jess inthe soleus than.in the gastrocnemius muscle; it was very slight 


_ or-absent- in all muscles in the later stages of Secrecy after nerve com- 


pression; it lasted much longer after suture, and was slight when the 


tate of atrophy was presumably slow on account of its long standing. 
in some cases no correspondence was found between the: activity 
_ of fibrillation in the several muscles and their degree of atrophy. _ 


_ Although the paralysed muscles were not prevented from bemg 
stretched by their antagonists, the recovery after nerve compression 


‘was rapid, so that either the ‘extension of the paralysed muscles had 
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_ - jittle or no injurious effect, or this effect was compensated by ‘he more 
less movements which occurred in locomotion. 
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‘THE RATE OF FORMATION OF FIBRIN FERMENT 


FROM PROTHROMBIN BY THE ACTION OF 


THROMBOKINASE AND CALCIUM ciereaieumsiaas By 
MELLANBY, 


(Prom the Physiological Laboratory, Thomas Hopi, London, 5B) 


In 1912 the cate of formation of trypain from trypsinogen by the action 
of enterokinase-was determined by J. Mellanby and V. J. Woolleya). 
This reaction differs from that observed in such ferment actions as the 
inversion of cane sugar by invertase in so far that the velocity of the 
change ‘is small at the outset of the reaction but proceeds with a con-, 
stantly increasing acceleration. This fact has been confirmed by 
Vernon@), but the hypothesis which we put forward to account for the 
mechanism of the change has been a matter of dispute. It became of 
interest therefore to determine the rate of formation of fibrin ferment 
_ from prothrombin by the action of thrombokinase and calcium chloride. 
The information thereby obtained shows that the processes involved 


in that reaction are similar to those observed in the generation of trypsin - 


_ from trypsinogen and affords evidence in favour of the hypothesis which 
we put forward to elucidate the mechanism of the latter reaction. 
- Incidentally the hypotheses put forward by Howell) on the relation 
of thrombokinase to antifibrin ferment and by Barratt(4) on the time 
factors involved in the coagulation of blood are in the Might 
of the experimental facts detailed. 

The preparation of fibrinogen, protrombin and ferment Pro- 
_ thrombin can be obtained from bird’s blood in a state of comparative 
purity and in such condition, that, after the addition to it of throm- 


-bokinase and calcium chloride, a fibrin ferment solution of extraordinary — 


potency may be obtained. Bird’s blood was used in the experiments 

since, a8 was shown by Delezenne(), such bload if carefully collected 

shows no tendency to coagulate, and thus constitutes an ideal medium 

whereby the mechanism of blood coagulation may be ‘studied. No 

_ foreign bodies, such as potassium oxalate, sodium chloride, peptone, etc 
have been added to it ave the — of the — blood affords an 
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BLOOD COAGULATION. 


‘ae control for any experiments which may be made on the — 
fibrinogen prepared from it. 

_ Fibrinogen was prepared from fowl’s plasma by dilution with ten 
volumes of distilled water and neutralisation of the alkalinity of the 
plasma by the addition to the diluted liquid of a few drops of 1 % acetic 
acid. The precipitated fibrinogen was obtained as a compact mass by 


"prolonged centrifugalisation (after preliminary settling). The fibrmogen 


was suspended in water or dissolved in -5 % NaCl. 2 
Fabrin Ferment. The precipitate obtained from plasma by dilution 
and neutralisation does not consist’ of fibrinogen only, but of a complex 
of prothrombin and fibrinogen. On this account the precipitate when 
dissolved in *5% NaCl can be coagulated by adding to it a trace of 
thrombokinase, and calcium chloride to the extent of -05%. The 
_ mechanism involved in the change is obvious—the thrombokinase acting 
in conjunction with the calcium salt generates fibrin ferment from the 
" prothrombin attached to the fibrinogen, and the fibrin ferment changes 
the fibrinogen, to which it is attached, into fibrin. After removal of the 
fibrin the clear residual liquid contains a large quantity of fibrin ferment, 
the coagulating activity of the expressed liquid being proportional to 
the strength of the original fibrinogen-prothrombin suspension. : 
.. Prothrombin. The addition of a minimal quantity of fibrin ferment — 

+o a solution of fibrinogen-prothrombin in -5 % NaCl results in the change 
of the fibrinogen into fibrin. The residual fluid, after removal. of the 
clot, possesses no active coagulating capacity. but contains a quantity 
of prothrombin proportional to the strength of the original suspension. 
The absence of fibrin ferment from the expressed fluid depends upon the © 
fact that fibrin absorbs considerable quantities of fibrin ferment (this is 
the basis. of Gamgee’s method for the preparation of fibrin ferment) — 
aud consequently the ferment added to the original fibrinogen-pro- 
thrombin solution is removed by the clot. Although the expressed fluid | 
possesses no power of coagulating a solution of fibrinogen yet after the 
addition to it of a small quantity of thrombokinase and calcium chloride 


coagulating activity equal to that of a fibrin ferment solution develops 


within it after a short period of time. 

Thrombokinase. The thrombokinase used in the xpeamente: was : 
obtained by macerating a cockerel’s testis in a litre of distilled water. 
The clear supernatant fluid obtained after the removal of the insoluble e 
débris contained considerable quantities of thrombokinase. 

The estimation of fibrin ferment. A series of experiments, were: ‘made — 
to determine the relation between the time see : and the - 
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398 
quantity: of fibrin ferment added to a fibrinogen solution. From the 


figures obtained in this way the amount of ferment contained in any 
solution was calculated.’ The fibrin ferment was obtained by activating 
a solution of prothrombin with kinase and calcium chloride, the amount 
of kitiase and. calcium added being so small that activation of the pro- 
thrombin’ took twenty-four hours for completion. Small quantities of 
this solution possessed considerable coagulating activity, but contained 
negligible amounts of kinase and calcium salt. The figures given below 
press therefore the relation between the time of coagulation of fibrin- 
ogen by fibrin ferment and the quantity of ferment used. = 


-5 0.0, of « solution of fibrin ferment in +5 % NaCi was diluted with 2 ¢.0. of 5 % NaCl. 


Tt may be observed that with large quantities of fibrin ferment the 


- time of coagulation is inversely proportional to the quantity of ferment 

added. When however the amount of ferment added falls below a 
_ minimal value the times of coagulation are indefinitely prolonged. The 
gelation between the amount of fibrin ferment and the times of co- 
agulation is precisely similar to that observed in the coagulation of 
caseinogen by pepsin or trypsin and expresses the fact that the fibrinogen 
complex is so large that the ferment must be adsorbed to it before coming 
within the effective range of the ferment’s sphere of energy. The 
activity of the ferment solution used is worthy of note. From experi- 


ment (a) it may be seen that the quantity of fibrin ferment contained 


in the solution before dilution was such that -08c.c. coagulated 1 c.c. 

of fibrinogen in ‘half a minute. - It is impossible to prepare solutions 
of fibrin ferment from fibrin (Gamgee’s method) or from serum 
(Schmidt’s method) which approximate in any degree to the activity 
of a ferment solution obtained by the activation of a solution of pro- 
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_ A solution of prothrombin in -5 % NaCl was made in the following way. 4-66 0.0. of 
fibrinogen suspension was dissolvell by the addition of -38 c.c. NaCl 7-5 %. This solution 
was coagulated by the addition to it of -5 c.o, of fibrin ferment (coag. time 30 secs.). The 
fluid was expressed from.the.clot after complete coagulation. It contained no coagulating — 
activity as may, be observed from the following experiment: = 


0.0. No cong, in 30 mins. 


the removal of the fibrin — — to the — fluid by the fibrin 
when formed. 

Although the finid no capacity to coagulate 
solution of fibrinogen yet this fluid contained large quantities of pro-— 
thrombin, a fact which was evidenced by the production of fibrin ferment 
in it after activation by kinase and calcium chloride. 

(1) Variable kinase. These experimental results show the rate at 
which prothrombin i is transformed into fibrin ferment under the influence | 
of varying quantities of kinase and a constant quantity of calcium 
chloride. 


solution containing prothrombin, and caleium chloride was made up thus: 
05 0.0. Solution = A | 
of ‘Le.c. of this mixture (A) was added to 1o.c. of a 
obtained: 


Increase in fibrin ferment at 2 mins. intervals 


The units of fibrin ferment were calculated from the first experiment 
giving the time of coagulation of a fibrinogen solution by varying 
quantities of fibrin ferment. One unit of fibrin ferment is assumed to 
be that quantity of ferment which coagulates 1 c.c. of fibrinogen solution — 
in forty minutes. 

Two facts are avident these (a) the: additions of throm- 
bokinase and calcium chloride to a prothrombin solution results in the — 
production of a large coagulating activity, and (b) the rate of formation — 
of fibrin ferment continually increases as the reaction proceeds. im 

To determine how far the velocity of the reaction depended upon the 
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relative cronnsitine of thrombokinase and calcium chloride i in the solution 
various other experiments were done. 
In the following experiment’ the amount of kinase added to the 


— solution was increased fourfold. 


6.0. Zac, ‘1 20.0. =B 


The achividy of B varying intervals Of was determined the-enpectiy of 


of to congulate 1 6.0, of solution of fibrinogen 


Coag. one eee eee ooo 25’ ¥ 
Unite of fibrin ferment... ... ... 8 32 
: 


“the results show the same general facts as were observed i in ne first, 


expedaaa: The rapid production of fibrin ferment from the pro- 
thrombin is worthy of note—within four minutes the addition of kinase 
and calcium chloride to a prothrombin solution increased the capacity 


_ of that solution to coagulate fibrinogen twenty-fivefold. 


(2) Variable calcium chloride. In these experiments the aalatorn 
chloride contained in the a solution was altered, the mmaee 


- being kept constant. 


following ston of prothrombin, Kinase and calium was made 
K, HO CaCl, (“1N) 
050.0. B5c.c. ‘leo =X 


at ‘Low. of this fiuid to coagulate 1 of 


fibrinogen solution after varying intervals of time. 


Interval... ¢ wow 


Time taken by of X to cong, 10.0. of 

Unite of fibrin eee eee 2 44 6 12 24 
Inorease in fibrin ferment at 2 mins, intervals 6 


In the following experiment double the amount of calctum ores 


was added to the prothrombin solution. 
Pro. 
c.c. c.c. ‘25 +2 0.0, =¥ 
"The following figures éxpress the rate of activation: > eS 


Timo taken fibrinogen 2 6° 1} 


Tnorease in fibrin ferment at ming. interval 2 
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BLOOD COAGULATION. 
‘The: of increasing: the calcium chloride content ofthe pro 


thrombin solution is precisely the same as that produced ee oe : 


Discussion of: Results. 


‘The detailed in the that in 
the formation of fibrin ferment from prothrombin by the action of 
thrombokinase .and calcium chloride, the reaction proceeds with a 
constantly increasing velocity, and is, in fact, comparable in all respects 
to the rate of formation of trypsin from trypsinogen by enterokinase. 
- To elucidate the mechanism of the formation of trypsin from trypsinogen 
by enterokinase, V. J. Woolley es the present writer put forward 
| ch following hypothesis. - 


Trypsinogen consists of a complex of protein and trypsin, the trypsin | 
bite adsorbed to the protein but unable to digest it. Activation by — 


enterokinase involves two distinct processes, (a) the adsorption of the 
enterokinase by the trypsinogen, (6) the digestion of the protein moiety 
of the trypsinogen complex by the enterokinase with the consequent 
liberation of trypsin. As a‘corollary it may be stated that the experi- 
mental results demand that more than one enterokinase element must 
be adsorbed to any trypsinogen complex before the liberation of trypsin 
results. The results obtained from an analysis of the rate of formation | 
of fibrin ferment from prothrombin by the action of thrombokinase and 

calcium chloride show that in this reaction a type of mechanism similar 
to that observed in the activation of trypsinogen by enterokinase is 

involved. In accordance with this observation the following hypothesis 
is put forward. The ultimate agent. in the activation of prothrombin 

the calcium ion, the potency of the calcium ion being proportional to its 

concentration up to about -1%. Pure prothrombin is not activated by | 


calcium in any concentration, but prothrombin to which kinase has been 


adsorbed becomes unstable in the presence of calcium salts in proportion 
to the number of kinase elements contained in the complex. A slow 
- production of fibrin ferment may be due to the presence of a minimal 
quantity of kinase or calcium salt ; a rapid activation time to the presence 
of an optimal concentration of both these agents. The slow velocity of 
activation at the beginning of the reaction may be er by the 
following suppositious case : : 
Assume that a solution contains one hundred aaiiie of pro- 


thrombin, ten elements of kinase, and a definite concentration of calcium _ 
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thrombokinase elements must be adsorbed to a prothrombin complex. 
— It is-evident that at the outset of the reaction the chance of any one 
prothrombin element being in active contact with two: kinase elemente 
is. small, and therefore activation by the calcium ion proceeds at a slow 
rate.’ But as the change proceeds the relative proportion of thrombo- 
kinase to prothrombin becomes larger, the chance of the necessary 
complex of thrombokinase and prothrombin being produced oa. 
increases, and consequently the rate of activation proceeds: with an 
accelerated velocity. 

‘The hypothesis put forward by Howell@) to account for-the facts 
observed in the coagulation of blood is similar to the above in so far as 
the ultinfate activation of prothrombin is assigned to the calcium ion. 
‘His hypothesis differs in other fundamental details. Briefly stated, he 
assumes that prothrombin is transformed into fibrin ferment by the 
action of calcium only. In circulating blood prothrombin is combined 
with antithrombin and is protected thereby from the action of ionised 
calcium. When blood is shed thrombokinase exerts its influence by 


combining with antithrombin thus liberating prothrombin from. its 


combination and allowing the calcium ions to. act upon it. | 
This hypothesis has been considered in detail by Dale and Wal- 
pole), who find that their experimental results offer no support in 
favour of it. The facts stated in the previous pages as to the reciprocal 
relations between thrombokinase and calcium on the rate of activation 
of prothrombin contained in a solution free from antithrombin al 
negatives the hypothesis of Howell. 


More recently Barratt concluded from his experimental deidladices | 


that when a mixture of fibrinogen, prothrombin and calcium salt co- 
agulates under the influence of kinase, the coagulation time is wholly 
occupied by the action of thrombin on fibrinogen. The experimental 
results detailed above afford no support in favour of this contention. 


-SumMMarRy. 


‘The formation of fibrin ferment by the 


of thrombokinase and calcium chloride proceeds in a manner similar to 
_ that observed in the activation of trypsinogen by enterokinase—the 


velocity of the change is small at the outset of the'reaction but proceeds 


with a constantly i increasing acceleration. 


2. Thrombokinase and the calcium ion appear to hold a reciprocal 
relation to one another. re 
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BLOOD COAGULATION. 408 
prothrombin, yet 9n increase in the rate of formation of fibrin ferment — 
may be produced by an increase in the quantity of either of these sub- — 
stances in the activating mixture... -. 

The following hypothesis has been put to account for 
the facts observed. The ultimate agent in the activation of prothrombin 
is the calcium ion. Pure prothrombin is not activated by calcium in any 
concentration, but prothrombin to which thrombokinase has been 
adsorbed becomes unstable in the presence of calcium salts in proportion 


to the number of kinase elements contained in the complex. =§ * 
Society.) : 
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REFLEXES ELICITABLE IN THE CAT FROM PINNA 
“VIBRISSA AND JAWS. Bry 8. SHERRINGTON. 


the Laboratory of Physiology, 


(4) Cover reflex .* 416 
(6) Inter-relations of the pinnal reflexes 3 418 
(7) Comparison of the. receptive-felds of the pinnal reflexes 
Narcotics and the reflexes . | 
VL Comparison of the reflexes with reactions of the normal animal . 426 
Vi. 428 


I; RevyLexes oF THe Prnwa. 


: Tas aural pinna of the cat, sensitive and mobile as it is, yields a Sehr 


of reflexes. One of them has been briefly referred to by me before as, 19): 


_ I know no other reference to them, although doubtless they have been 
met by other observers. For the following experimental examination 


of them the animal was deeply chloroformed and then decerebrated 


_ with the decerebrator (13,20). The decerebrator was so adjusted that 

the head was removed inclusive of fore-brain and mid-brain, the tran- 
section passing close behind the posterior colliculi and close in front of — 
_ the Gasserian ganglia and the third divisions of the trigeminal nerves. 
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‘PINNA. AND OTHER REFLEXES. 
By drawing the pinns well back when the head is guillotined these can 


be left, attached ‘to the carcase and their reflexes then examined. ‘The . 


narcosis being relaxed, the examination of the reflexes was begun usually we 
about an hour later. i 
In this way the reflex movements elicitable from the pinna are found 
to be in the main five in number. These, to distinguish them, may be 
termed (1) the retraction reflex, (2) the folding reflex, (3) the head-shake _ 
reflex, (4) the cover reflex, (5) the scratch reflex, this last being the 
already-studied reflex in which the ipsilateral is 
forward to rematch the stimulated part. | 


1. The retraction reflex. 


The reflex movement is one which swings the pinna hackwerd, 
rotating it about an axis which runs transversely through the head. 
approximately from one auditory meatus to the other. It resembles — 
the movement which a cat makes commonly when one attempts to 
handle the pinna. In the decerebrate preparation I have seen it aroused _ 
by the settling of a fly upon the ear. When brisk and brief, as it is 
often, it recalls a movement of the pinna seen in cattle worried by flies 
about the head, but in them the backward movement is usually suc- 
eeeded by a forward one more immediately than in the.cat. It is not ~ 
always brief; if the stimulus be strong or maintained the pinna is for 
a time kept retracted. The pose of the pinna is then such as it often 
assumes in anger or defence. Darwin(é) furnishes a figure of this posing _ 
of the ear as a characteristic expression of emotion in a cat threatened 
by adog: A principal muscle acting in this reflex is the lateral portion 
of levator autis longus, as is ascertainable by direct inspection of the 
exposed muscle. The motor nerve is facialis. | 

Receptive-field. Before attempting to describe the receptive skin- 
field whence stimulation evokes the reflex, a brief reference to some 
anatomical features of the cat’s pinna may be helpful (Fig, I, 1 and 2). 

: ‘The trumpet-shaped organ is divisible into two main parts whose concavities conjoin. ae 
The upper less concave is the scapha, the lower, resembling a smaller and deeper spoon- _ 
bowl, is the concha, The external auditory meatus,lies at the proximal attached base of _ 
this latter. Where the pinna joins the cheek the ridge of skin which juts up as a fold in 
front of the meatus has two notches in it instead of the single one of the human-ear; of 
these the lateral rather than the medial gives more direct access to the meatus. The names — 
Gives to the thres parta of this ridge are, in the medio-lateral direction, tragus, interragus, 
two notches or incisura lie between them. 

The scapha at the more proximal part of its latero-ventral border has a deep notch, 
and around that a rather large lateral extension, the bursella or pocket. Each edgeof 
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406 SHERRINGTON. 


concave face of the scapha and these ridges continue into the concha and are directed 
pester Apart from these the concave face of the scaphe ig practically smooth. 
On the other hand, the concave face of the concha has a number of pronounced ridges 
and projections. Of these latter the chief are the wart or supratragus (Mivart (14), anti. 
heliz Reichard and Jennings (15)) which lies high up near the scapha, and the two 


© I. 1. Front aspect of the shaven pinna. 8, scapha; 0, concha; B, bureella; 
lappets from bursella to concha; T, I7', PT, tragus, intertragus, and posttragus; 
_ W, supratragus (‘wart’); H, helix; M, N, incisure; the tops of the ‘cushions’ are 
seen projecting from ampulla beyond intertragus; the crescent is seen partially sur- 
rounding W, the supratragus. 2. indicates the arrangement of the guard-hairs. 
- 8, the receptive-field of head-shake reflex: the broken line marks the position of the 
-‘erease’ where the folding in the folding-reflex occurs, 4,5. Receptive-field of the 
retraction reflex seen from front and back respectively; .G, the hairless trigone of 
low threshold) 8’, B’ and OC’ convex surface of scapha, buresella, and concha. 
6, 7. Receptive-field of scratch-reflex from front and back. The extent of the 
receptive-field is in each case shown by the line-shaded area, - ce 


‘cushions’ large pearl-like eminences low down in the concha. Between the cushions is 
_& deep grove leading direct to the meatus. a 

The chief ridges:in the concha are: (1) the downward continuations of the folds from 
the upper and lower lappets of the bursella, that from the lower lappet joining the lateral 
cushion guarding the auditory meatus; (2) the crescent, a curved ridge like a vallum bor- 
dering the fossa which nearly encircles the supratragus; (3) a small ridge which runs. 
towards and finishes in a little peak close above the supratragus; sometimes this has two. 
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PINNA AND OTHER REVLEXES. 


othat small isolated poaks in ita upper part Below the cresesnt is the deepest. part. of 
the concha, the ampulla, | 
| A helie such ao exists in the human pinna existe in the cat's ear only along the proximal 


part of the oral, medial border, of the ‘pinna. 


- From the posterior surface of the pinna the scapha is obvious enough, bearing the 
bursella, but the concha lies buried from view in the deep fur of the neck. When the 
neck and side of the head have been shaved the concha stands out as @ bold convexity _ 
_ shaped as indicated in Fig. I, 5. Short, fine hairs clothe the concavity‘and convexity of 


| the scapha including the bursella ; but in certain regions the hair is of a différent character 3 
_ consisting of much coarser longer hairs more sparsely set : these, in view of the experimental 


findings, may be called guard-hairs They belong to the helix, part of the tragus, the 


posttragus, and the bursella lappet*. From all these places they slope so as 


‘to fence across the concavity of the concha and also, although to a less extent, of the 


scapha, Their position and manner of intercrossing is indicated diagrammatically in 


Fig. I, 2. On the back of the pinna the hair although short on the scapha, changes to 


deep fine far over the concha similar to and continuous with the deep fur of the neck; the 
line where the deep fur ends as a sort of fringe at the back of the base of the scapha is shown 


‘in Fig. I, 7. This long fine fur although long does not at all resemble the guard-hairs 
_ above mentioned on the front face of the pinna. eae 


The skin of the incisura and its groove between tragus and intertragus is devoid of 


hair, and almost so is a triangular patch of i a Throughout 
the concavity of the concha the skin is hairless. 


' The receptive-field of the retraction reflex (shaded area in Fig. I, 


: a 4 and 5) extends over the whole of the posterior, convex face of the 


pinna, and over the larger part of the anterior, concave face as well. 


In this latter it includes the whole of the scapha, bursella, posttragus, 


intertragus, and helix, and also the part of the concha where run the 
ridges descending from the bursellar lappets. -But it does not include 
the deep proximal part of the concha nor the ‘ wart’ and ‘cushions’ nor 


the auditory meatus itself. It further extends over a small:zone of the 


-sealp bordering the pinna, and over a broad strip of the cheek in front 


of the tragus, and below and in front of the whole attached root of the 
‘pinna; the cheek-field of the reflex reaches from the root of the pinna 


to nearly half-way to the angle of the mouth in one direction and nearly 


| half-way to the outer canthus of the eye in another. 


The receptive field is therefore ring-shaped around the actual oniliee | 


of ‘the ear, the width of the ring-like strip being greatest behind the 


orifice. As regards the relative sensitivity of the various parts of the 


field, the reflex can be so readily evoked from such a great extent of — 


the field that a focus can hardly be said to exist. And, during any 
prolonged examination of the field, the greatest sensitivity often seems 


to be now in one part now in another, quite unlike the constant focus 


met with in most reflexes. A small region of distinetly'low threshold 


~ is, however; the triangular almost hairless patch (Fig, I, 4 @) in front 
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“of incisura medialis, Also the extreme edge of the field exhibits, 

generally speaking, higher thresholds than elsewhere. ‘a 
Stimuli. The adequate stimulus is clearly mechanical in nature. 


2 The lightest. touching of ao hairlet projecting from the pinna tip will 


usually evoke the reflex. A hair esthesiometer of less than 2 mgm. 
power applied to any one of many points in the field is commonly 
sufficient. . A light puff of air on the scapha also often suffices. A fly 
alighting on the pinna of the preparation will excite the reflex violently. 
All mechanical stimuli are not equally effective. When the reflex . 


excitability is not high direct pushes, e.g. with the blunt end of a pin, a 


the hairs being avoided, often fail to evoke the reflex, although the _ 
slightest touch of a hairlet or of the longer guard-hairlets practically 
unfailingly provokes it. When a hairlet or guard-hair is held with fine 
forceps and pulled on as if to uproot it, the reflex is usually not evoked. 
. The hairlets slope and lean across rather than project vertical to the plane 
of the reveptive surface. It would seem that the essentially adequate 
stimulus for the reflex is any mechanical disturbance of the hairs which 


2a tends to cause sidewise displacement of their roots. Nerve-endings 


- connected closely with the hairs evidently furnish a large proportion 


of the receptors which evoke the reflex, and the hairs in question include 


not only hairlets and guard-hairs of the pinna but those of the ordinary 
fur as well behind the back of the pinna and above it and on the cheek. 
_ But other receptors in addition to those of the hairs must also contribute 
to the reflex. This seems clear from the following facts: (1) light 
_ touches, e.g. with the end of cotton thread 15 cm. long, excite the reflex 
_ teadily from the carefully shaven ear; (2) the reflex is excitable similarly 
by touches on the hairless trigone in front of the medial incisura; 
_ (8) more rarely the reflex is elicited by touching lightly the cushions and 
the ampulla; when the ear has been carefully shaven this is possible — 
without complication of any touch elsewhere and even the cotton thread 
will sometimes suffice to excite the reflex from a cushion. The reflex 
_ then usually but not always is accompanied by the head-shake reflex ; 
(4) the reflex can also be elicited by a faint stream of air directed upon 
the concave face of the shaven pinnga. = (at 
+ Ordinary modes of electrical stimulation evoke the reflex with great 
difficulty and uncertainty(19). Faradic stimulation, by means of a 
minute entomological gilt pin used as stigmatic electrode by the unipolar 
_ method, is fairly effective for evoking the scratch reflex, but it. has 
uniformly failed to evoke this reflex. 
____. ... The following devices were adopted in order to escape the difficulty 
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PINNA AND OTHER REFLEXES. 409 


that the mechanical application of any ordinary electrode, even the 
lightest. wire, itself excites the reflex and twitches off the electrode. 
To one of the hirid-feet a broad copper plate and wet pad of cotton-wool 
soaked in strong saline was bandaged against tlie skin of the pad and 
cushions, A cotton thread about 50 mm. long was attached to the end 
of the single wire platinum electrode and was soaked in strong saline. 
Where hairlets are few and short, for instance on the mid concavity of 
the pinna, a droplet, about-a 3 mm. bead, of strong salt solution was - 
gently placed: this can sometimes be done without exciting the reflex. 
The end of the cotton thread as stigmatic electrode was then brought 
to dip into the bead of saline. The short-circuiting key was then 
opened by an assistant. The current so applied even when strong 
enough to cause contraction of some of the small muscles of the pinna 
and to evoke reflex closing of the eyelids and movement of the vibrisse _ 
and sometimes of the limbs, would yet time after time fail to evoke the | 
reflex retraction of pinna. It was found that with a longish and light 
cotton thread, the mechanical touch of the wet thread was often in- 
sufficient to eyoke the reflex and the observation could then be made 
without the bead of saline. Only on very few and rare occasions did 
faradisation evoke the reflex although effectively evoking other reflexes. 
The one mode of electrical stimulation which has been fairly successfal 
has been the brush discharge of a high-frequency apparatus delivered 
from a knob electrode approached near to but not of course touching 
the pinna. This, when approached similarly to the back of one’s own 
_ hand, gave a hardly perceptible faint coolish tickling sensation. 
Afferent nerves. Behind and below the pinna the great auricular | 
nerve as followed forward toward the pinna breaks up into three branches 
.on the parotid gland. The two more ventral of these do not yield the 
 Teflex, but the dorsal yields it, and so does each of the branches into 
- which this soon divides. The main trunk of the great auricular as 
followed back past its crossing with spinal accessory also continues to 
yield it although not so certainly, the reflex becoming swamped by 
other effects produced by the main trunk. Another and much smaller 
nerve-trunk also yields the reflex, this is the dorso-median division of — 
the occipital nerve coming from the Ist and 2nd cervical nerve-roots. — 
But the reflex is not so regularly and well obtainable from this nerve 
_ a8 from the great auricular. The vet division of the — nerve 
has not yielded the reflex. | 
To evoke the reflex from these nerves : mechanical wiisalation: 3 is 
much more ¢ffective than is electrical. Hlectricel stimulation of them 
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410 C. 8S. SHERRINGTON. 
usually fails to give the reflex. On the other hand, mechanical stimula- 
tion evokes it with great facility. Not only does the ligating of the 
nerve evoke the reflex with practical constancy, but the lightest, almost 
imperceptible pull by the thread attached to the ligated nerve. Fara- 
dism failing, therefore, I have used a small wheel tetanomotor for 
observing the frequency at which under repeated mechanical stimuli the 
brief flick reflex becomes a steady maintained one. The highest rate 
Lee I could attain with the tetanomotor was 16 per sec. and with this rate 
the reflex movements though partially fused were still not steady; the 
- pinna was retracted but in that posture maintained a quick regular 
flickering motion somewhat like that of an insect’s wing. The observa- _ 
tion shows that in this reflex there can be no long-lasting refractory 
phase such as obtains in the scratch reflex@l) and the swallow (29, 13). 
Moreover the reflex when elicited by a strong mechanical stimulus is 
often a prolonged one, the retracted posture being steadily maintained 
__ even for several seconds after withdrawal of the stimulus; it then some- 
times becomes tremulent before dying out. = = — 
Afferent nerve-roots. The nerve-roots subserving the reflex, t.e. the 
_roots which contribute to the entrant path. of the reflex into brain and 
cord, I have determined in two ways: (1) mechanical stimulation of the 
respective roots, (2) method of ‘remaining wsthesia.’: Mechanical stimu- 
lation, applied to the bared root itself, has yielded the reflex in the case 
of the following roots: (1) trigeminus, (2) vagus (the two posterior 
_ filaments of the root only were effective), (3) the 1st cervical, (4) 2nd cer- 
_ -vieal, and (5) 3rd cervical. In employing the method of remaining 
wethesia the whole series of cranio-spinal nerve-roots between trigeminus 
in front and 4th cervical behind, inclusive of these, were severed in the 
cranio-vertebral canal excepting only in each experiment that particular 
root whose skin distribution as regards the pinnal reflexes it was desired 
_ to examine. The receptive-fields of the retraction reflex and of the — 
_ other pinnal reflexes were then explored for that remaining root. For 
_ the exploration the suitable punctiform stimuli, chiefly mechanical, were 
used, and a point to point examination made. The results obtained 
were charted on previously prepared maps of the pinna and adjacent ~ 
surface as the observations proceeded. 
__ Fig. II exhibits the delimitations of the nerve-root skin-fields of the 
pinnal region as revealed in the above-mentioned way, A detailed 
: verbal description of them seems unnecessary here, the figure making 
clear their extents and borders better than can description in the text. 
Later in this paper, after the several pinnal reflexes have been dealt 
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‘PINNA AND OTHER REFLEXES. 
with, reference will be made to these root-fields again, in’ connection 
with their relation to the — of the several reflexes —_ 


When the pinna is strongly stimulated, as by commpeetiing the tip 4 
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sind From the inside of the there can be 

seen & slight crease (shown by broken line in Fig. 1,3) running trans. 
versely in a slight curve across it somewhat above the level where — 
concha and scapha meet. It is at this crease that the folding is 

effected. The muscle which mainly produces the folding is a delicate 
sheet transversus auriculae easily exposed by removing the. skin from 
the back of the pinna. In Darwin’s(6) figure above referred to the 
back-folding action is depicted, along with retraction, as part of the 
postural play of the ear in the emotion of fear and anger. In the reflex 
preparation also it frequently accompanies the retraction reflex; but it 
is also often elicited apart from this latter, as is the latter apart from 
the folding. Its movement although brief to a weak stimulus is usually 


prolonged in response to strong stimulus, sluggishly dying out, often i. 


with a tremor, long after withdrawal of the —— The motor nerve 
is facialis. 

_. The receptive-field resembles closely that of the retraction-reflex. 
- For that reason no separate figure of it is given, but it is less extensive 
than the latter, extending hardly at all to the cheek or neck or scalp 
nor to the lower part of the back of the concha.. In short, it seems 
confined to a field on the pinna itself and there to be conterminous or 


cs nearly so with that of the retraction reflex. . 


The stimuli appropriate for it resemble closely those adequate for 
the retraction reflex. Touches excite it. A touch on a hairlet will 
evoke it, or a touch given by a long cotton thread even on the cleanly: 
shaven scapha. A. light puff of air directed through a small tube 
excites it often more readily than the retraction reflex. Faradisation 
applied through a moist cotton thread is less ineffectual for it than 


‘for the retraction reflex. 


As mentioned above it often accompanies the retraction reflex, and 
this commonly occurs as. follows. A light touch e.g. on the shaven 
pinna which at each repetition is evolving a twitch-like retraction reflex, 
_ when increased or when prolonged excites the erdmpling reflex in addi- 
tion. The settling of a fly on the pinna will do this: the retraction 
reflex flings the fly off and the longer lasting folding-reflex keeps the 
pinna withdrawn, avoiding as it were its being alighted upon again. 
_ When obtained from the concavity of the scapha adjoining the ‘concha 
it is occasionally accompanied by the head-shake reflex. 

The afferent fibres for the reflex run in the vagus and Ist, 2nd and 
_ Sed cervical nerves respectively; that is, the reflex is still obtainable, in 
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PINNA AND OTHER REFLEXES. 418 
one of these netves remains uncut, al the of thin eranioapinal 


Iti the decerebrate cat & rapid rhythmic shaking of the head is 
provoked by inserting a little fluid into the concha, a single drop of _ 

water often suffices: The movement resembles the shaking of the head 
given by @.dog on coming out of water. The moyement consists-in . 

alternate right and left rotations of the head about its long axis. In’ 
the reflex as observed in the decerebrate cat the opening phase of the 
movement is in the sense that when seen from the front of the animal — 
the rotation as evoked from the right ear is anti-clockwise, from the 
left ear clockwise. A movement of closure of the eyes often accompanies 
the shake of the head. The movement is even in the decerebrate pre- 
paration extremely effective in freeing the éar of a drop of water: 
I have seen it throw out even a light wisp of cotton wool placed in the 
The reflex is evocable by other means as well as fluid. A puff of air 
directed into the pinna gives it. If the puff is directed through a small 
tube this stimulus excites the retraction reflex of the pinna or the 
crumpling reflex or both when turned to the scapha either back or front, 


but excites’ the head-shake reflex when turned into the concha or meatus. _ ae 
Mechanical touches applied to the inner face of concha or meatus also Le 
excite it: this supplies a means of determining more exactly the re- 


ceptive-field of the reflex. — ae 
Receptive-field. “This, Fig. I, 3, occupies practically the whole-con- 

-  eavity of the concha and extends int6 the auditory meatus including 
the whole internal circumference of that: I have traced it into this 


latter for some 8 mmi., the surface beyond that becomes inaccessible to 


isolated stimuli introduced through the orifice even in the shaven ear. _ 
It extends slightly over the lower part of the concavity of the scapha, 

there trespassing on the lowest zone of the retraction reflex of that part. 
The reflex is also elicitable by touches on the convex back surface of 
the concha over the ampulla regien, but here the pressure of the touches - 


has to be rather heavy, and it is possible that the excitation is by con- 


veyance of the stimuli through the skin and concha to the deep concave — 
the retraction reflex. ae 
Adequate stimulus. The nature of the adequate stimulus is clearly 

mechanical. Baradic stimulation applied with the precautions adopted 
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for retraction-pinna reflex is found to evoke the head-shake reflex rarely 


and irregularly ; it is far less effective than mechanical stimuli. As to 


mechanical stimuli, the lightest touch is often sufficient, ¢.g. a fine 


’ gotton thread 12 cm. long gradually lowered into the shaven ear so 


that its hanging end finally touches the supratragus or ampulla. Light _ 


drafts of air directed into the concha excite the reflex seemingly as 


readily, or almost so, in the shaven ear as in the unshaven; to excite 


the reflex it is sufficient merely to breathe out through a fine tube 
> directed toward the concha éven at a distance of 10cm. away. Putfis 
of air too faint to evoke the retraction or folding reflexes are still easily 


able to evokethe head-shake reflex when directed to the concha. Whether 


- jn this case the stimulus is really mechanical or not is uncertain; its 


adequacy may attach to the slight cooling produced by the draught. 
But the draught produced by a breath even at the extreme end of a long 
expiration, i.e. with air warm and moist from the lungs, is still a com- 
pletely effective stimulus. So also is air from a heated chamber, 
e.g. from the hot air chamber provided for artificial respiration in the 
Brodie experimental table. These stimuli when applied to my own ear 


ce: were, however, felt by me as a slight coolness, even at greater distances 
than thosefrom which they evoked the reflex in the preparation. 


‘Trials with fluid indicate that one of the functions of the guard-hairs 


_ is to prevent ingress of fluid into the concha and meatus, for it is not 


easy to introduce water past them or to evolve the shake-reflex from 
them. But, of course, they are not effective against a large quantity, 
or against water squirted into the ear. When water does enter it acts 


-' as an extremely potent stimulus. Observations with the shaven ear 


_ gave the following results. A single small drop let fall into the concha 


from a height of about 1 cm. evoked the reflex, especially easily from _ 
lateral cushion and the immediate neighbourhood of the meatus; the 


greater the height of fall the stronger the reflex. A drop could sometimes 


_ be placed on-the cushion without exciting it, but a larger quantity even 


so would provoke the reflex. A large drop placed on the edge of incisura 
medialis would not excite the reflex but when then allowed. to run of — 


iteelf down the groove into ampulla did excite. Qilexcited the reflex 


. less readily than water. 


As to whether in such cases the stimulus or thermal, 


_ oil and water warmed to the temperature of the finger and thermally 
_ ss Ammperceptible to my own finger or ear at the time still excited the 
_ Teflex, but not so markedly as when cold (at room temperature) or hot, 

ab 65°," A drop of warm water at a'temperature yielding no thermal 
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PINNA AND OTHER REFLEXES. - 415 
sensation to niy hand has on several occasions after evoking the shake. 


reflex when first introduced gently into the concha evoked it again some — 


seconds later when, so far as one could tell, simply lying in the ampulla. 
 It.is-very difficult in such cases to understand how it can have acted as 
' @ stimulus either mechanical or thermal. A wisp of dry cotton wool 
lightly placed in the concha sometimes evoked the reflex. From these 
results it seems that the receptors although adapted to mechanical 
_ stimuli respond also to cold and heat as well. This point will be 


to in regard to the adequate stimuli for the pinnal: reflexes’ 


‘@ group. 
_ Hlectrical stimuli evoke the reflex with difficulty and unreliably. 
‘Afferent nerves. The reflex persists after combined severance of the 
roote of trigeminus, octavus, glosso-pharyngeus, spinal accessory, hypo- 
glossus (recently shown by J. Boeke@ and Van Rynberk«a® to be 


@ sensori-motor nerve) and the three headmost cervical nerves, It then 


disappears On severance of the vagus root, or of its two most posterior 
rootlets. Practically the whole area of the receptive-field is supplied 
by vagus fibres (Fig. II, xth), except the somewhat doubtful part of the 
field on convex posterior surface of the concha. But experiments by 
the remaining esthesia method show that trigeminus (Fig. H, vth) and 
Ist cervical (Fig. IT, lst) roots contribute supply also to parts of the 
field, The branch of vagus responsible is presumably the ‘auricular’ 


twig. I have not cut this isolatedly. When the above nerve-rogts — 


including vagus have all been severed except trigeminus the reflex field 
is restricted to a part of the concha, especially the groove between the 
two cushions and the meatal orifice itself. The reflex is then extinguished 
by cutting the third division of the trigeminus. These trigeminus 
. afferents run doubtless by the auriculo-temporal branch of the nerve’s 
third division. Again, after severance of ali the cranial nerve roots and 
of the 2nd and 3rd but not the 1st cervical, the'reflex is obtainable from 


: _ a. small part of pinna where the concha meets the scaphe just, dorsal of 


the wart and along the deeper parts of the bursellar folds. I have not 
found evidence that any of the afferent fibres run in either the 2nd or 
3rd cervical nerves. The main afferent nerve of the reflex is there’re 
the auricular branch of the vagus, the old sensory nerve of the original 


 gill-slit which has been modified into the outer ear-passage. Although 
et the tosin afferent nerve is vagal the reflex itself leaves the respiratory 


= 

, 

bt 

a 

i 3 

» 
? 

» 
; 
‘ 

4 
“4 

3 

} 

| 

if 

= 

} 

= 

| 

ts 

4 

| 

Fam 

= 


The cover refler. 


This reflex very commonly accompanies the head-shake reflex. The x 
movement made in it is # forward inclination of the whole pinna swinging 
it clockwise, as seen in the right pinna viewed from the right side, about 
an axis running transversely through the head between the external 
auditory meatuses. The pinna is at the same time somewhat flattened 
and’ broadened, and in. & fan-like fashion over the meatal 
entrance. 

The pinna is ae somewhat rotated about an axis running from the 
meatal: orifice toward the pinna-tip, the direction of rotation bringing 
the latero-ventral edge of the pinna forward.. At the same time the 
bursellar part of the seapha i is somewhat everted, and the lower part of 
the orifice into the pinna is thereby narrowed. The motor-nerve is 
facialis. . Also not unfrequéntly the enimal rises on its fore-quarters 
and the neck is tilted upward. 

Receptive-field. ‘The field of skin from which the reflex can be inobed | 
occupies practically the whole of the inner face of the concha, also the . 
meatal orifice for its whole circumference to a depth of at least. 8 mm. 
deeper than that I have not been able to apply isolated stimuli. The 
focal area of the field includes the wart and its immediate neighbourhood, 
the opposed faces of the cushions and the groove between them, and the 
actual entrance of the meatus. This field corresponds so nearly with 
the head-shake field that it has not seemed necessary to give a separate 
figure of it. When excited from the edge of its field the reflex me follow  — 
on a retraction-pinna or a crumpling reflex. 

Adequate stimulus. Fluid, a draught of air, and saaitipateas touches 
are all provocative, but seem to be required in rather higher intensity 
than for the previously mentjoned reflexes, especially the pufis of air. 
I have, however, seen a drop of water placed on the lateral cushion 
while not evoking: the shake-reflex evoke the cover-reflex: Electrical 
stimuli in form of faradism applied as above mentioned evoke the reflex 
irregularly and with difficulty. In the part of the receptive-field which 
is hairy touching of-the hairs evokes the reflex; so likewise touches after 
rei i has been shaven. The larger part of the receptive-field is — 
Afferent nerves, When vague was the only nerve left uncut the 
reflex was still brisk practically from’ its whole field, and when the 
trigeminys alone was left uncut the reflex was still briskly obtained from 
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PINNA: AND. OTHER. REFLEXES. | 417 
the'vegus and trigeminus had both been severed, the Ist, 2nd and 3rd 
cervical nerves remaining either singly or altogether, in no experiment 
was the cover-reflex elicitable. The inference from this negative evi-. 
dénce is therefore. that: the cervical nerves although supplying part of 
the skin over which the receptive-field of this reflex extends donot 
contain afferent fibres mediating the reflex; it may be, however, despite 
the negative evidence of my experiments, that Ist cervical does contain 

fibres for it, as for the head-shake. The main afferent nerve of the 

' geflex is-clearly the auricular branch. of the vagus. The reflex has 
analogies with the reflexes described for the gill-slit cover by Van — 
Rynberka7) and by T. Kuiper() and by 8. Baglioni().- No inter- 
however, with respitatory rhythm the: 
far ax have chesrved inthe cat. 


5, The soratch 


. from the auditory meatus, the scratch reflex can usually be elicited, 


and this ig well seen in the decerebrate preparation.. The movement is, 


of course, very different from those of the reflexes above described. 
As regards the hind limb and the curving of the trunk, etc., the muscular _ 
reaction both postural and rhythmic has been described already, but as 
regards the posturing of the head and neck it departs, when induced 
from inside the pinna, from the attitude assumed when evoked from — 
the neck(22). In the former case the head is lowered and turnéd side- 
ways, so as to allow the hind paw to reach the inside ofthe concha. — 

Receptive-feld. This includes (Fig. I, 6, 7) the concavity of the 


concha and encroaches on that of the scapha above the upper part of the __ 


crescent. It also extends into the meatus. -Besides belonging to the 


Ce _ front face of the pinna it occupies the skin of the back of the proximal 


_. part of pinna as far as-the border where the fur changes from longer 


hairs to shorter, thid border seeming to mark there the actual limit of 
the receptive-field. It therefore does not include the distal part of the 


pinna either back or front. It runs backward from the root of the 


pinna over the neck and also slightly upon the scalp median to the — 
medio-dorsal edge of the root of the pinna. It does not in my experience — 
extend to the cheek. Focal areas of the receptive-field in the concha - 
Ne in the groove around supratragus, and at the meatus. 
Adequate stimulus. Mechanical stimuli in the form of touches excite 
the reflex, occasionally even light touches on the inner face of concha 
at and above the supratragus, but not touches so light as those evoking» 
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the shake reflex from the conchs, nor touches so light as those evoking 
| the retraction pinna and crumpling reflex from their respective fields. 
Blowing into the concha or insertion of a drop of fluid fail to evoke the 
reflex: I have seen a very strong draught of air evoke it doubtfully. 
As to the part played by hairs in the receptive-field, a large part of the 
field is hairless, and in the part which is hairy, e.g. convex outer surface 


of concha, touches, rather heavy but seemingly not heavier than those — 
usually required thére to evoke the reflex, evoke it still when the skin 


has been carefully. shaven. The mechanical stimuli adequate are 
therefore heavier than those required for the other reflexes and of the 
nature of pressure rather than touch: the pressure required seems 


lightest in the groove about supratraghs. Rubbing the skin evokes’ 
the reflex powerfully. Also deep pressure with the finger tip just behind — 


the back of the convexity of the concha. 


_ This reflex differs markedly from the retraction pinna reflex in the — 
relative ease with which faradism excites it. This is readily shown by 
_ unipolar faradism with the stignfatic electrode in the concha and the | 

- diffuse electrode on a fore-paw or the contralateral hind-paw. 

Afferent nerves. The reflex -is still readily evocable after all the 

afferent nerves except the vagus have been severed ; auricular branch of - 


vagus therefore contains a fair proportion of its afferents from this field. 


_ It is also obtainable after all the cranial roots behind trigeminus together _ 
_ with the-headmost three cervical roots have been severed. In this 
case, however, only the meatal and deepest part of the ampulla reply. 
_ It is obtainable also when all the above roots have been severed excepting 
only Ist cervical, or only 2nd cervical, or only 3rd cervical, but in the 


Cage of the last two not from inside the concha, the field being restricted 
to the convex posterior surface of concha at the back of the pinna. 
This wide segmental distribution of the afferent fibres concerned with 


eee the reflex is borne out by the reflex being evocable by faradisation “is 
_ the afferent root of the trigeminus and of afferént roots of ist and | 
_ 2nd cervical respectively. It can also be evoked by unipolar faradisa- 
tion of the sectional face of the ascending (spinal) root of ——e 3) 


in cross-sections of the bulb and headmost spinal cord. 
6. Inter-relations of the pinnal reflexes. 


brief and circumscript stimulus commonly occurs alone, tend to occur 


_ together making a compound reflex response to a single stimulus. The 
| 
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 PINNA AND OTHER REFLEXES. 419 


so also the cover reflex with the head-shake. A strong stimulus evoking 
the head-shake sometimes evokes the scratch reflex also; and then 
occasionally it seems that there is inco-ordination for the hind-limb 
appears to move towards the head and make scratching movement 
while the head itself instead of being steadily turned back toward the 
advancing limb is still upturned and axecuring the rotational move- 


ment of the shake. 


_. The retraction, folding, and cover reflexes of right and left sides are 


. | strikingly independent of each other. It is as easy to obtain them from | 


the pinna of one side while that, of the other side is itself exhibiting one 
of the reflexes as when the fellow ear is quiet. This is in marked contrast 
to the close inter-relation, usually —: between right: _ left 
ene of the neck and limbs. 


: Compr of lds fh wit 
fields of the cranio-spinal nerves of the pinna region (Figs. I, Il). . e 
Study of these reflexes gives opportunity for seeing how far he: 


a = functional unity of a receptive-field conforms with, or represents, the 
© morphological unity of a segmental root-field. Comparison of the — 


receptive-fields of the respective reflexes with the skin-fields of the 
several nerve-roots cranial and spinal distributed to pinna-region shows 
- Clearly that the factor which decides the central reflex connections of — 

the afferent fibres of each roof is the functional position of each portion 
of the skin the root supplies rather than any primitive morphological 


Re entity which each respective cranial or spinal nerve may be supposed 


to represent. This is evidenced plainly if the extents and borders of © 
the reflex-fields shown in Fig. I are contrasted with the root-fields 
shown in Fig. II. No single root-field is identical with any single — 
. Teflex-field; nor is any single reflex-fidm identical with any group of 

root-fields. There is not even approximate agreement between them. — 
Even the vagus skin-field (Fig. II, xth), confined entirely to the concave 
face of the pinna (27), contributes to the head-shake and cover reflex below 
in the concha, but to the retraction and folding reflexes above where it 
extends over part of the scapha. Similarly trigeminus, where it is 
distributed over the cheek in frent of tragus, intertragus and_ post- 
. tragus, contributes fibres to the head-shake reflex and to the scratch 
reflex.. Again, the 1st cervical nerve where it spreads into the concha ~ 
supplies afferents for the head-shake, cover, and scratch reflexes, and 
where it spreads over the scapha and back of the pinna supplies afferents _ 
retraction reflex and the folding reflex. Comparisas between 
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and'no evidenke in ‘the other direction. ‘The functional topography of 


| The long ‘Skeak of the cat’s face are arranged i in 1: two groups, the | 
one on the upper part of the muzzle above the-mouth, the other super- — 

-giliary,,. From the former in my experience no reflexes are clearly 
 glicitable.’. From the latter reflex-closure of the eyelids is easily obtain- 
able. In the decerebrate preparation a light touch on a superciliary i 
vibrissa, displacing it even slightly, is often a sufficient stimulus. 
As to the muzzle-vibrisse, although in my experience reflexes are — 
not readily or regularly evocable from them, movements of them not | 
rarely accompany the retraction and folding the 


Jaw Reriexzs. 


Jaw-closing ‘reflex. 

of the jaw accompanies the reflex which is so 
ean obtainable in the decerebrate preparation by putting a little 
fluid into the mouth as). Reflex jaw-closing is also evoked as a move-— 
ment by mechanical stimulation, e.g. by stroking with a feather the 
dorsum of the tongue near its tip. The tongue tip is curved slightly : 


_ upward and somewhat retracted and at the same time the mandible is _ 


raised and the mouth rather deliberately closed and in the decerebrate 
_ preparation tends to remain so. This slow movement leads to no reverse 
action of opposite phase in the antagonistic muscles ‘employed ; it thus 
__., offers striking contrast to the jaw-opening reflex described below with 
i — movement tending to be followed by strong reversal. 


Jaw-opening reflex. | 
Inthe decerebrate preparation the jaw maintains a 
3 his j is in harmony with the rule(s) that decerebration brings all the 
anti-gravity muscles into steady reflex postural activity. With this 
steady posture as a background, stimuli applied to a rather restricted 
_ receptive surface evoke regularly in the decerebrate preparation the 


opening of the jaw. The surface in question is that of the gum bordering 
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PINNA AND OTHER REFLEXES. 42 
‘Phe'reflex movement is quick and is followed on with- 


sais of the stimulus by a quick return to the previous closed posture: _—- 


So quick and sudden is the opening-and so sharply followed by active 
return of closure that, under electrical elicitation, the phenomenon at 
first suggests escape of the stimulating current to the motor nerve of 
the jaw-opening muscles. That the reaction is truly reflex can, however; 


be easily proved. (1) The induction currents cease to evoke it from the 


gum of the upper jaw as soon as the afferent nerve of that jaw (superior 
maxillary of trigeminus) has been cut, and from the gum of the lower 


jaw when the inferior dental nerve is cut. (2) The reaction is evocable _ 


by mechanical stimuli to the gum or teeth either of upper or lower jaw, 
and these stimuli likewise cease to evoke it after severance of the above — 
afferent nerves. (3) In the freshly killed animal strong faradisation 
(unipolar or bipolar) of the gum upper: or lower often. produces strong 


Closing of the jaw, but never opening of it. Current-escape therefore — 


in this situation tends, as one would expect, to excite the near adjacent 


closing muscles and closure not opening is the result of current-escape. 
' The jaw movement is accompanied by some retraction of the cheek and 


the bite. 


field and the Blunt pressure, vith, 
the shaft-end of a small feather, on the gum bordering the crown of a 
tooth evokes the reflex. So also pressure on the tooth-crown often 


markedly evokes the reflex. These mechanical stimuli have to be much 


heavier than those sufficing for the pinnal reflexes. The gum border is 


not equally responsive for the reflex all along its length. It seems: in 
_ my experience most responsive near the 2nd premolar teeth and least:so 
- at the canines. Faradisation evokes the reflex well: I have used this 


by the unipolar method. The stigmatic electrode excites the reflex not 


‘only when applied to the gum bordering the teeth but also when applied 
actually to a tooth. Here again the stimulus has acted best at the — 


premolars, but even at the tip of a canine it will also often evoke a good 
reflex. Faradism also excites the reflex from points in the front part 


_ of the hard palate. Stimulation of the central stump of the severed 

superior dental branch of superior nerve the 
reflex. 

is possible to see how far the reflex’ movement evoked, say from the 


premolars of one side, is bilateral or unilateral. The reflex is then’found 


to be practically ‘unilateral. Mechanical or faradic stimulation of the 
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of that one half of the mandible, and not unless the stimulus is quite 


strong is the other half involved as well. Even then the reflex — 
on the contralateral musculature is feeble. 


The opening muscles of the jaw, e.g. digastric, when sxutinl can a. 
geen to contract in the reflex. This observation becomes particularly — 
clear in these muscles after their detachment from the jaw in front. 
And if after their detachment, the head being prone and the split half 
of mandible still closed against the maxilla by reason of the decerebrate 
rigidity, the stimulus be applied, e.g. the stigmatic. electrode brought, 


_ to touch a premolar, the ipsilateral half of the mandible is seen imme- 
diately to drop. This occurs by reason of the reflex central inhibition — 
of the jaw-closers: temvporalis, masseter, etc. It can be ascertained in 


other positions of the head by light pressure against the mandible with — 


the finger. The reflex therefore strikingly exhibits ne innerva-— 


- tion in its taxis of the antagonist muscles. 
reflex further exhibits strikingly the. re- 
bound (2%, 25, 8) met with especially as a post-inhibitory reactidn in the — 
extensor muscles of the fore and hind limbs. On withdrawal of the 


_ stimulus, e.g. faradic, to the maxillary gum the temporarily relaxed 
_ jaw-closers immediately enter into a strong contraction relifting the ~ 
split half of the mandible and shutting it tight, often with a powerful — 
_ snap. It is to be noted that here just as in the fore and hind limb, the | 


rebound-contraction is exhibited by antigravity muscles; the extensors, 


supraspinatus, vastocrureus, gastrocnemius being anti-gravity 


muscles in the limb.in the same sense as are temporalis and masseter at 


the jaw. When the stimulus is strong the rebound appears to predomi- . 


_ nate and contraction of the closers may ensue earlier in the reflex. 


This jaw reflex as thus evoked from gum, teeth, or hard palate is 
therefore, like the ipsilateral flexion reflex of a limb a diphasic reflex. 
The first phase, as excited at least by weak or medium strength stimuli, 


is opening of the jaw; the second which tends of itself to follow on the 
first is closure of the jaw. The ipsilateral flexion reflex of the limb in 
decerebrate rigidity and: under slowly repetitive stimulations gives a 
_ stepping movement the flexion phases of the stepping occurring with 
_ each stimulation, the extensor phases occurring by rebound between 
the successive stimulations. Similarly the jaw reflex under a series of — 
repetitive stimulations results in a masticatory movement, the openings — 
of the jaw occurring with the stimulations, the closings by strong re- 

bounds between the stimulations. the — in reflex 
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of reflex central inhibition and the central rebound ensuent on that it 


would seem that in the rhythmic act of mastication in so far as concerns 
all that large part of it which it executed reflexly, and subject to the 
same reservations (2%, 4,5), just as in the rhythmic act of stepping, the 
rhythmic alternation of two active reflex phases is obtainable by the — 


‘mere alternate recurrence and lapse of one single mode of stimulus. 


On the mouth’s seizing a morsel the mandible, when it has closed, — 
eg. voluntarily, upon whatever is between the jaws pressing it against 


_.. the gums and teeth and hard palate, by so doing, as is clear from observa- 
tion of the reflex, produces a stimulus which tends reflexly to reopen 
the jaws. That done the central rebound of the previously reflexly 
- inhibited jaw-closing muscles, or rather of their motoneurones, for the 


inhibition is central, sets in and tends to powerfully reclose the jaws 
again. The reclosure brings into operation once again the jaw-opening — 


stimulus. And so, after being started by a first bite, a rhythmic masti- 


catory reflex tends to keep itself 


between the} jaws. 


IV. AND THE 


_ The pinna reflexes emerge very early from the shock of taserahiestian | ) 
suid are submerged very late in chloroform or ether narcosis, They 


_ disappear often: much later under chloroform than does the conjunctival 


reflex. Their suppression serves as a good index to complete chloroform | 
narcosis, and I have been accustomed for a long time past to use them 
as such in the laboratory, thus obviating the necessity of removing the 


- ¢hioroform apparatus from the face in order to test the conjunctiva. 


The jaw reflexes in my experience take longer to emerge from the 


shock of decerebration; but they can generally be elicited soon after 
the conjunctival reflex has appeared. 


All the above reflexes can be demonstrated easily in the normal, 


4. not decerebrate, animal under various degrees of chloroform or — 


ether narcosis. For the jaw-opening reflex faradisation of the gum is 
then more efficient than is mechanical stimulation (pressure, etc.). 


| REPRESENTATION IN THE CoRTEX CEREBRI OF THE Movements. 
_Recalling previous experience of stimulating the cerebral cortex in 
: the eat and other animals, I could not remember having there met with 
the pinnal movements seen in the above reflexes of the decerebrate 
preparation. Nor on refersing to the literature of the cortex do I find — 
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record of any such. I have therefore explored the ¢at’s cortex again 
with special reference to them. The hemisphere was exposed under 


ra : deep chloroformisation, and the surface then gone over point for point 


_ by unipolar faradisation. This was done in six animals. The various 


‘gual responses were abtained, flexion of fore-limb and of hind-limb, 


rotation of neck, retraction of angle of mouth, closure of contralateral 
- eye, twisting of the nostril, opening of mouth, retraction of tongue, etc. 
The only movement of the pinna obtained was a slight protraction, 
a‘ pricking,’ not like any of the pinnal movements obtained as reflexes 
in the decerebrate preparation. This cortical movement was obtained 
from the coronal gyrus near the junction of that with supra-sylvian © 
and close against the anterior supra-sylvian sulcus of Langley 2). This 
‘is the position originally noted by Ferrier(7) to yield in the cat “a 
drawing forwards and downwards of the ear.” The movement was 
also, though irregularly, obtained from somewhat further lateral namely 
from a part of gyrus sylviacus anterior of Langley. The movement 
was one which protracted the pinna as a whole, not involving any — 
_ separate movement of the tip or other parts, Of the reflex move- 
ments of pinna the one to which it bore some though not close 
semblance was. that of the cover reflex, but the twisting and ever- 
sion of the bursella characteristic of this latter was not present in 
the cortical movement, nor was there the flattening of the scapha. 
‘This negative result was somewhat strengthened as evidence by the — 
fact that the degree of etherisation which permits motor responses from — 
_ the cortex permits also elicitation of the pinnal reflexes by stimulation — 
of the pinna, so that these, e.g. retraction reflex and folding reflex, 
remained élicitable by mechanical stimuli of the pinna during the — 
faradic exploration of the cortex. That the slight protraction movement 
_ obtained from the cortex had nothing to do with these reflexes was 
further shown by evoking a pinnal reflex and while that was in progress 
evoking the cortical movement of the pinna.* The result was that the — 
retracted and folded pinna was simply shifted forward as a whole, — 
without either increase or diminution of the reflex engaging it. Nor 
did the occurrence of the reflex interfere with‘ the obtaining of this 
. ‘The evidence is negative, but so far as it goes it asserts that the 
group of reflex movements, above described, elicitable so readily from 


___ the decerebrate preparation and also (v. infra) from the normal animal, — 


are not represented in the cortex cerebri. As a rule movements of the 
_ Skeletal musculature readily obtainable as spinal or cranial reflexes are 
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PINNA AND OTHER RERLEXES. 425 
also obtainable by excitation of the cortex (19), and are, prepon- 


derant among the cortical responses. A negative result in this respect : 


is therefore not without interest. ° 
The scratch reaction was also looked for in the cortex, and not found. - 
From the hind-limb area of the cortex rhythmic flexion of the contra- _ 


lateral hind-limb including flexion of ankle was sometimes evoked, and 


on some occasions bore some resemblance to a feebly developed scratch- 
reflex response, but the characteristic flexion of the toes accompanying ~ 


ankle-flexion was wanting, and the rhythm was too slow. Similar | : 


rhythmic alternate flexions and extensions of the fore-limb could at the 
same period of the experiment be evoked by shifting the electrode to the 
fore-limb area; these were eyidently stepping movements. The in- 
ference was therefore that the hind-limb movement also was ‘stepping’ 


and this was borne out by the movement being evoked in fore and hind- oe 


limb together, and then flexion in one was seen to follow that in the 
other although agreeing in frequency. The exploration failed therefore 


to find the scratch reflex represented in the cortex. 


But although the pinnal reflexes including the scratch could not be 


found the movement of eye-closure as elicited from the superciliary 
vibrisse, and of jaw-opening as elicited in the jaw reflex were easily 


evocable from the cortex; and both are of course well-known among ~ 
cortical reactions, the situation of their foci in the cat having been de- 


~ termined first by Ferrier(?). As elicited from the cortex the move- 
_ ment of opening of the jaw tends to be smartly followed by jaw closure 


as it is also in the decerebrate reflex. Also, just as after the mandibuler — 


_ symphysis has been split, the reflex is found to be practically unilateral, 


so is the reaction as provoked from the cortex, though in the latter case 
the muscular effect is of course contralateral in the former ipsilateral. — 
There are however some evident differences between the cortical and 

the reflex reactions in the cat in regard to their muscular taxis. As 

obtained from the cortex the jaw opening is accompanied by retraction 
of tongue and it is often not easy to dissociate the two reactions. As 

obtained in the decerebrate reflex the jaw opening is not accompanied — 
or is accompanied little and rarely by movement of the tongue. Again, 


_ the cortical reaction of jaw-opening, especially as obtained from low 


down in the anterior composite gyrus of Langley, tends to be the first 
phase of a rhythmic act of alternating openings and closings of the jaw | 
(mastication). But the decerebrate reflex although it tends to produce — 

a sharp closure ensuent on the opening does not under simple continuance — 
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Tnther words the tends to eribit single complete bit; the 


VI. Comparison or Tam wits REACTIONS 
m THe Norma 


After of the above reflexes in the “i it 
was of interest to examine the normal cat’s behaviour when touches, 
etc., are applied at. various parts of the ear. With the animal comfortably 
_ seated on an assistant’s lap the touches were applied with the ordinary 

 westhesiometer or with a small camel’s hair paint brush. The stimuli 
evoked from the points touched the same movements as those described 


_ abovein the purely reflex preparation ; and they evoked no others, except 
that the animal at times became impatient and restless though for the 


most part it remained quiet, often purring. It would continue purring 
even when the attitude of the ear temporarily assumed was that indica- 
tive of: anger as in the Darwin figure. 
| Summarising the results they were as follows. The retraction and 
the folding reactions were evoked about as readily asin favourable reflex — 
experiments ; that is, the threshold of excitation seemed as low, certainly 
no higher. They were evoked much more readily than in many of the 
_ reflex experiments. To apply touches isolatedly to some of the points 
in the ear one had to work with the ear cleanly and completely shaven. 
On several occasions then the touches evoked the retraption reaction ° 
when applied to concha below the crescent, a region lower than had 
been observed to yield the reaction in the reflex preparation. The 
_ shake reaction was likewise evoked about as readily as in favourable | 
reflex experiments; the limits of its receptive-field seemed exactly the 
same as that delimited in the reflex preparation. A puff of air or a 
_ droplet of water evoked it with about the same readiness as under pure — 
reflex conditions. The reaction, however, was usually more violent 
and more prolonged ‘than for corresponding intensities of stimulus in 
the reflex preparation. It also had frequently a much longer latency. 
The cover reaction seemed the least readily induced. The scratch 
Teaction was readily excited by its appropriate stimuli and.from both 
_ divisions of its receptive-field, i.e. both from the front and from the back 
of the pinna. A prolonged touch by @ blunt pencil on the concha of — 
_ the shaven ear provoked it well, so also pressure with a wad of cotton 
wool. Just as in the reflex preparation there was a tendency for some 
__ of the several reactions to occur together in response to.a single stimulus. 
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along with the cover. Sometimes retraction reaction. or 


folding reaction occurred along with the head-shake, the latter following _ 


on the former. Occasionally the scratch reaction and the head-shake 


were coupled together, but always in sequence, the sequence being head- | 
shake, scratch and then head-shake again. The posturing of the head 


in the scratch reaction is antagonistic to, i.e. incompatible with, the 


movement it makes in the head-shake. Touching the superciliary — 

vibrisse caused closure of the eyelids as in the reflex preparation. 
Differencés noted between the reactions in the normal animal and 

those in the reflex preparation were the following. In the normal | 


animal the receptive-field of the retraction and folding reactions extended _ 


somewhat further into concha. The shake-reaction was frequently slow 
in appearing as though the animal were not disposed to make it. The 
head-shake was usually a much more prolonged movement than in. the 
reflex preparation. Occasionally when the cat, at a break in the exami- 
nation, was placed on the floor to walk about, the first thing it did was 
to give the head-shake although just before while lying in the assistant’s 


lap it had not given any response to a droplet of water placed in the — : 


eoncha; the teaction ‘had then’ presumably been for the time being 
suppressed, but was permitted when the cat was set down on its feet 
in freedom. The scratch reaction often showed a very long latency, 
the cat seeming indisposed to permit it to ensue. When the movement 
appeared it. was much more perfect and prolonged than in the reflex 


| preparation. The two middle toes were put actually within the concha, 


whereas in the reflex preparation the foot very rarely actually reaches 
the head commonly beating in the air several cm. away from the pinna. 
In the normal cat a touch upon the muzzle-vibrisse usually caused 
turning of the head toward the side touched, whereas in the reflex 
preparation very rarely is any movement at all evoked. In the normal 


cat a sound coming from the adjoining room would sometimes excite — 


a slight lifting of both ears, a cocking of both pinne ; this movement was — 


quite different from any of the reflex ear movements met. with in the 


decerebrate preparation; but from the cortex as Ferrier noted it is 
elicitable, though then in my experiments (v. appeared in one 
pinna only, the contralateral. : 
Any endeavour to elicit the jaw reflexes from the normal cat sitounined : 

so little likelihood of reaching an unconfused result, owing to the requisite 
faradisation, etc., of the gum making the animal fractious, that I did — 
not attempt it. Remembering, however, that the mucosa of the human 
cheek i is practically of in the of the second 
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upper premolar (10), I tried on myself faradisation of that spot and its 
neighbourhood, by the unipolar method, with the stigmatic electrode 

on the mucous surface. When one does this with a fairly strong current 
one experiences an almost uncontrollable impulse to open the jaw wider. 
A form of electrode suitable. for the purpose is that previously de- 
scribed (9) for work with the central nervous system, because the wire 
is sheathed with ebonite up to its tip, while the free end of the platinum 


being fused to a little bead and the platinum itself carried by a light a 


"spiral spring, the mucosa though easily. steadily pressed on, cannot be 
- pricked. A convenient way of making the observation is with one 
hand to bring the tip of this electrode through the open mouth to the 
gum and then while the interrupter of the inductorium is running and 


the secondary circuit unbridged, to dip the other hand in a basin 


salt water in which the diffuse electrode has been placed. = 


Narure or raz Apequate STIMULI AND THE SENSATIONS. — 

Of questions raised by these reflexes one concerns the intimate nature 
of their ‘adequate stimuli. For human touch-spots the progress. of 
research has gradually traced the nature of thé adequate stimulus to 
be local deformation of the skin surface, This analyti¢ result can 
answer obviously for those stimuli of the cat’s pinna or vibriss@ which 
move the hairs or hairlets, or consist in mechanical touches by the 
wsthesiometer, etc. But itis difficult to apply it to explain the operation 
of such stimuli as @ faint puff'of air directed upon the cleanly shaven 


skin, or into the hairless concha; or to such as a droplet of oil or water — 


gently placed practically without impact upon them. | 
Yet if these latter act as thermal stimuli the thermal receptivity 
must be extremely acute, for they still act when warm at a temperature 
imperceptible to one’s own finger and ear, though of course one cannot 
be sure that the temperature of these latter and of the cat’s pinna in the 
experiment are the same. The problem recalls’ one that is raised by 
_ the swallowing reflex(13). There are a few drops of water warmed to 
the temperature of the tongue and placed on the back of the dorsum in 
quantities as small as -2 ¢.c. excite in the decerebrate preparation the 
swallow reflex from 4 mucous surface, already wet with saliva. There 
also it was shown that the stimulus, whatever its intimate mode of 
operation, is of mechanical quality. 
_ Another question raised is the species of sensation excited by- the 


stimuli adequate for these reflexes when applied not in the decere- _ 


brate but in the sentient animal, in short the modality or modalities of 
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four species of sense are recognised, touch, warmth, cold, and pain. - 


Of these it is well known that pain is closely bound up with bulbar and 
spinal reflexes, touch hardly at all. ‘Pains’ are, so to say, “subcortical’ ; 

‘touches,’ ‘cortical.’ The stimuli adequate for these pinna reflexes do 
not resemble the stimuli adequate for nociceptors (pain receptors), but 


. do resemble and are practically identical with those adequate for human 


touch. In the cat’s pinna there seems therefore to be a group of touch _ 
reflexes, bulbar and spinal. But touch on the general surface of the 
cat's. body—except for the scratch, reflex zone—is as impotent to excite 


spinal reflexes as it is in man. If one applies to one’s own pinha the 


stimuli adequate for the cat’s pinnal reflexes one notes that the sensations 
they evoke although tactual are tactual of a distinctive kind; quite apart 
from local signature, etc. They are not of neutral affective tone, which 


is to say, devoid of affective tone; they are all of markedly negative _ 


affective tone, which is to say, all distinctly disagreeable. The inference 


is therefore that in the cat among the modalities of cutaneous senseand = =—s_—(w 


among the species of skin receptors, there is one intermediate between 


-. pain and touch, between nociceptive and tangoceptive, probably nearer 
> to touch than to pain. It might be termed ‘affective touch.’ As 


regards the stimuli adequate for this intermediate species, its receptors 


-_ zesemble the tangoceptors not nociceptors, yet like nociceptors they are 


closely and potently attached centrally to motor mechanisms in the 


‘bulb and cord; yet they are not, as nociceptors are, closely attached to 


the bulbar vasomotor and respiratory centres. Whether this inter- 


‘mediate form in the cutaneous series amounts actually to a separate 


species and modality further research must decide; it is partly a matter 


of name; receptivity suggests no, the reflex connections suggest 


SUMMARY OF 


decestients preparation gives facility for observing these as pure re- 
flexes. Their movements are protective of the pinna: some, the re- 
traction and folding reflexes, seem directed against irritant. touches, 
e.g. the settling of flies, etc., or against exposure to injury in fighting ; 
others, the cover and head-shake and scratch reflexes, against the 
ingress of foreign matter, including water, dust, or insects, into the 
meatus and its ampulla. é 

threshold of the mechanical stimuli exciting these reflexes is 
28—2 


a 4 
4 
“Peeks 
Fe tipo 
2 
7 
od 
iZ 
be, 
4 
“I 
& 
<4 
fie > 
ti) 
re 
‘4 
‘ 


C, 8. SHERRINGTON: - 


poe se ; on 1 the other hand, the reflexes with the exception of the 
scratch reflex are excited with difficulty and uncertainty by electrical 


a stimuli, The reflexes although connected eminently with the hairs 


are connected also with other skin: receptors separate from the hairs. 
Some of the stimuli may be thermal. 

The constancy of response and the low threshold clbeinalie in Hise 
- pinnal reflexes allow minuter observations which tend to question the 
probability that the intimate nature of the mechanical stimuli ‘adequate’ 
for them. can, as is generally accepted for human ‘touch,’ be subsumed 
under the rubric ‘local deformation of skin surface.’ The. modality 
sense attaching to them in the normal, sentient, anirhal is 
: best stated as ‘affective touch.’ 
afferent nerve-fibres concerned with of reflexes are 
supplied from several segmental nerve-roots, among them the vagus. 
The afferent nerve-roots of the reflexes taken as a group are those of 
trigeminus, vagus, and Ist, 2nd and 3rd cervical nerves. 

The afferent nerve-trunks respectively involved evoke the ciiabiion 


and the folding reflexes better when stimulated ey than when 


stimulated electrically. 
: No one of the reflex receptive-fields is identical with the skin-field 
of any one of the segmental nerves carrying its afferent fibres. —— 
The superciliary vibrisse evoke reflex closure of the eye ; the maxillary 
vibrisse evoke no reflex in the decerebrate preparation. 


- Mechanical and electrical stimuli applied to the gum, or teeth, both — 


mandible, or to the front part of the hard. palate 


_ evoke reflex opening of the jaws followed by rebound closure; the 


reflex is preponderantly unilateral. 
_ Exploration of the cortex cerebri finds large representation of the 


_ jaw-opening reflex and of the superciliary reflex but no evidence of any 


_ cortical representation of the group of pinnal reflex movements. 


All the reflexes are easily obtained: under narcosis. The pinnal and 


_ superciliary reflexes are also readily elititable in the normal animal, 


_ their threshold of excitation by the adequate stimuli being then some- 


| what lower than i in most —_ not than in all Roneeercate — 
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X-ACID AS A REMEDY IN POLYNEURITIS AND BERI- 
'BERI. By D. J. HULSHOFF POL, M.D., Utrecht, Holland. 


 Peketharing and Winklerq) in 1888 confirmed the view of Baelz) 
that beri-beri is a’ neuritis multiplex-peripherica, and they showed 


‘that the disease, whilst not a neuritis in the strict sense of the 
- term, depended essentially upon 8 degeneration of the nerve fibres. 


_ Eykman@) who had assisted in the investigations of Pekelharing 
and Winkler observed that a fowl disease which broke out in his 


laboratory in Batavia presented the same general features as beri-beri 
in man, and he found that it was caused by feeding with rice deprived 
> of its sub-pericarpal layer. Grijns(4) discovered that this polyneuritis 
_ ” gallinarum could be prevented or cured by administering a small bean 
the katjang hidjoe (phaseolus radiatus). These investigations led 
various’ investigators, and amongst them myself, to give the beans in 
 beri-beri. The success of this treatment was great. In my experi- 


ments) 150 grms. of katjang hidjoe, added to the ordinary food was. 
sufficient to prevent or cure beri-beri. Following on this I endeavoured — 


to isolate the active principle of the bean. I found that 150 grms. of 


beans retained their therapeutic action after being boiled. In my first. 


experiment the decoction of the beans was ineffective. Later however 
I found that a decoction of 500 grms. of beans had a curative effect, 


so that apparently about one-third of the active principle was dissolved | 


: by boiling, I then set about purifying the decoction. This was done 
in the following way. The beans were boiled in excess of water, the 
~ fluid was decanted and basic avetate of lead added to it. The pre- 
_ cipitate was collected on a filter, well washed with water, and then 


oe _ water added to it, till it formed a thin pap. ‘Through this H,S was 


passed to remove the lead, and CO, was bubbled through the filtrate 


to remove the H,S. The fluid thus obtained was administered to 
four out of a number of beri-beri patients. The four treated patients 


-peeovered, the others becsme worse, and it was necessary to give them 
hidjoe in the ordinary way. 
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purified extract was evaporated to dryness and crystals obtained. Both 
the extract and the crystals were acid. I concluded that the acid | 
substance was the active principle. As its chemical constitution ¥ was, 


unknown, I called it z-acid. 


The effect of the chemically purified decoction prepared by my 
method was tested by Grijns on fowls in which polyneuritis had been 


produced. by feeding them on polished rice. He administered the ex- . 


tract in the form of pills. In no case did he find a favourable effect; 


in consequence he came to the conclusion that the decoction would 


not be of much use in the treatment of beri-beri. There are several 
objections which may be made to these experiments. (2) The a-acid 


- was given in a concentrated form. Since in this form it is strongly 


acid, the acid may act unfavourably on digestion which is already — 
seriously impaired. (5) Polyneuritis gallinarum is often accompanied — 
by more or less paralysis of the crop, when therefore the animals are 


"given g-acid in the form of pills, it is very doubtful whether the acid is_ 


absorbed. (c) It is possible also that too little of the acid was given. 


Tn order to examine the effect of the chemically purified decoction _ 
on the polyneuritis gallinarum and to avoid the above mentioned 


possibilities of error, I decided to repeat the experiment and to give 
the acid in dilute solution. These experiments were begun in Java — 


some years ago, but the publication was delayed by other work. These | 


have recently been completed in the Netherlands. The chemically 
purified decoction used was prepared in the before mentioned ‘way. 
For the experiment: thirty young cocks were kept for some time in an 
open field and richly provided with mixed food; afterwards they were — 
brought in a court, surrounded by railing, where they only received 


‘polished rice. As this court was paved, all the cocks could take nothing 
but the rice oe As they became ill, they were taken for aapen- | 


ment. 
_ In order to fix exactly the quantity, which was given, the chemically 
purified decoction was passed through a catheter in the crop. Water 


-was added to it in such quantities that one litre of decoction wasobtained 
from 1 kilogram katjang hidjoe. Where later on a double strong or a 


threefold solution of z-acid is spoken of, it esas, that there was only ns 
t or 4 litre of water to 1 kilo. of beans. - 


The feeding began as soon as the first signs of polyneuritis. was 


observed. This must be particularly attended to, since otherwise a 
effect. | 
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First series, Six of the diseased fowls received twice a day 100. 


‘chemically purified 2-acid. solution (decoction). 
first fowl died after 24 months 
,, 8 days 

The result af this series therefore was, that 200 6.0. 
z-acid solution was not able to cure polyneuritis. 


Second series. Tax of the dy 200 


chemically purified ¢-acid solution was'givent. ~ 
| The first fowl died after 22 days 
| ‘The result for this series was, that two died and four were cured. 


Third series. To four, of the diseased fowls 150 6.¢. double-strong 


_ a-aeid solution was given twice a day. 


The four cocks were cured respectively after 16, 33, 35 and 35 days. ; 


Fourth series. To four fowls 150 ¢.c. three-fold strong a-acid 


solution was given twice a day. 
“The first, the second and the fourth fowl was cured respectively 


after 27, 29 and 32 days. 


“The third cock died on the seventeenth day, but athe dissected, 


‘one of the lungs was“found to have suppurated. 


The result of these four series shows that 400 c.c. sacl ition 


suffices in most of the cases to give a favourable effect, but that only 
300 ¢.c. of a double strong solution is to be considered as decisive. 
The fourth series indicates that augmenting the remedy above the 


quantity given in the third series causes no important acceleration: of - 


: ‘ the process of recovery. Attention may be drawn to the fact that in 


‘This quantity which wae poured down with a oatheter is very large, but it: has the 
advantage of partially running into the stomach directly, The disadvantage is, that 
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this sain other similar cases the more active principle is purified, the 
more it loses its effect. In the third series 300 c.c. double strong z-acid 


solution was given, this corresponds to 600 c.c. of ordinary purified 
decoction. Since from 1 kilo. of beans 1 litre decoction was prepared, 


the purified decoction which was given would have required 600 grms. 


of beans. Only 10 grms. of katjang hidjoe is needed, according to 
Grijns, to cure a diseased fowl, and 150 grms. of beans is sufficient, 
according to my investigations to cure a patient who is suffering from 


beri-beri. But to beri-beri patients the decoction (non-purified) of = 


500 grms. of beans is administered and to fowls as chemically purified 
decoction of 600 grms. of beans. 


Whilst the four series of experiments described above showed that 


: the chemically purified decoction, which essentially is z-acid solution — 


had a favourable influence on polyneuritis gallinarum, and it seemed 


advisable to repeat the experiment, having other fowls as controls. Of 


18 diseased young fowls, alternatively one was taken for the experiment 
and one for the control. The nine fowls which received treatment 


‘were given 150 c.c. double-strong a-acid solution twice a day. The 
~ nine control fowls only had rice without the silver layer. | 


- OF the control fowls, one was cured and the other eight died ‘thee 


respectively 21, 11, 9, 16,5 and 8 days. The fowls to which z-acid 


‘was given were all cured, after respectively 16, 10, 10, %, 21, 35, 32, 


26 and 37 days. - 


This experiment affords further proof of the favourable influence of 
the z-acid on thepolyneuritis gallinarum. 
The drawback of these experiments was the setoonilinaels oe 


“quantity. of fluid which: was brought into the‘crop. As moreover it 


was possible that the substance might lose its effect by evaporation, 
I determined to evaporate the chemically purified decoction and te give | 


| ° to the fowls dissolved in a small quantity of water. 


Professor Eykman at Utrecht had the kindness to allow me to make 


| these experiments in his laboratory at Utrecht. — 


The chémically purified decoction was evaporated to dryness on a 
waterbath at 37°C. The drying can be ‘accelerated by smoothing the 


thick syrupy mass over the sides of the porcelain basin. ‘Tn a few days 


the. whole mass becomes a hard crust. With & ienito thie ix loosened 
from the basin ; it is deliquescent and must be kept dry. ” 


_ Grop contained fluid which was first extracted with « catheter. In the afternoon the 
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treatment was repeated. On the foliowing day the bird became worse. On‘ the third 
day the state of health was much more unfavourable, the snimal had cramp and its head — 
was retracted neatly 180°. Then 4.0. z-scid was administered. On the fourth day the 
state of health improved; again 40.c. was given. On the 20th all was well and a last 
dose of 6 c.c. was given. The animal remained healthy for the rest of the time. 

Fowl No. 3. Polyneuritia on Feb. 11th. The animal received on the first day 3 grms. 
of dried extract, dissolved in 40 c.0. of water. Hereafter regularly 4 grms. of extract were 

The course of the disease was favourable and the fowl almost cured after 4 days. 

Fowl No. 295. ‘Polyneuritis Feb. 18th. Recsived 2 grms. dry extract, dissolved in 
water. The symptoms of the disease became worse for some days, thereafter. recovery 
commenced and the animal was cured. 

Fowl No. 22.  Polyneuritis Dec. 27th. Received daily 1 grm; of dry extract in water. 


ae The animal became much worse in the first days following, was cured thereafter. 


Fowl No. 29. Polyneuritis Jan. 13th. 
Rapid recovery. ' 
Fowl No. 26. Received daily + grm. dry extract. Died 
after 5 days. 
Fowl No, 30. Received daily 4grm. dry extract. ‘Died 
after 5 days. . 


prepared from katjang hidjoe, suffices to cure polyneuritis gallinarum. . 
\’ Administration of the dry extract dissolved in a small quantity of 
, ub gives better results than administration of the decoction since 
the disadvantages attached to large of fluid into the 


Pekelharing and Winkler. Onders. n, d. aard en d. oorsaak d. Beri-ber en a. 

| middelen om d. ziekte te bestrijden. (Kemink. Utrecht. 1888). . | 

(2) Baelz. Mitt..a. d, Gesell. f. N. u. Volk. Ost. Aséens, 1882. | 

(3) Eykman. Genees. Tyds. v. Ned. Indie, 30. 1800; 36. 1806. Seealso 17th Intern. 

ee Congr. of Med: Seot. 21. (London) 1913; and Proc. Roy. Acad. of Med. 

Amsterdam, 18. 1916. 

Genees. Tyds. v. Ned. Indie, 44. 1901; 48. 1909. 

(5) Hulshoff Pol. Janus. 1902. Cp. also de Haan. The Philippine Journ. of Bei. | 

p, 69. 1910; and Kiewiet de Jouge. Genees, Tyds. v. Ned, Indie, 49. 
1908; Bull. de la Soc. de Path. 262, Mitth. 
Beri-bert (Tokio) 1911. 
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satan tod, Thereafter they were brought into a space surrounded by wire work, with 
_ cemented floor, and they were fed with as much polished rice as they wished. ‘The food 
: was only brought in when they were ill and when the crop remained empty for some days. 
Three of these cocks died: of common diseases. 
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X-ACID AND POLYNEURITIS. 47 
The first six which became ill, served for the first experiment. this 


- the eecond, ete. As soon as these fowls became ill, they were placed in their own cages, 


partly Because Yo svoid injury from the others, partly because the amount of food taken 
could be better controlled. 

As a general rule food was only given to those ill fowls which had not eaten for a few 
days, and whose crop was empty. The quantity which was given, never weighed: more 
than + 30 to 40 grms. 

The way in which the z-acid solution was administered, was by means of a catheter. 
For this purpose an assistant held the animal, and opened its beak. I put in the catheter 
and the fluid was passed into the crop through the catheter by a glass spout. Ai 

In the course of the first two series it was found that a quantity of 4 spouts (200 grms.) 


wee mach, after pulling out the catheter, the injected fluid passed 


out of the beak. 


given, a6 soon as the first symptoms of the neuritis became apparent. These are best ; 
seen when the animal is chased in narrow space, ataxia is thus made ¢vident in an early 


ist Ser or Experiments. 

Series I. 

1. Cock No. 17. May 12th. Walking with difficulty, z-acid administered. 13th. 
Sitting-on its heels.- z-acid once only. 22nd. Lying on its side. The crop emptied 
iteelf very seldom. June llth. State the same. Crop most empty. Vomited part of 
the z-acid. July 26. Crest to-day for the first time somewhat blue. Vomnited now and 
then the z-acid.. Died at night. | 

2. No. 28. May l4th. Walking unsteady, 2-acid: 15th. Sitting on its heels. 
16th. Head is retracted, body shivering. 17th. 18th. Fed. . 19th. 


8. No, 11. May 165th. Walking unsteady, #-acid. 16th. Sitting on its heels. 
19th. 20th. Lying on ite side. 26th. 
Dead. 


4 No. 5. stay Walking with difficulty, z-acid. ‘1th.’ Sitting on its breast. - 


‘18th. Lying on its side. 19th. Again sitting on its breast, therefore better than the — 


day before. 20th. Lying down again, therefore worse, 24th. Dead. is 


6. No. 14. May 16th. Falls down ori its heels, z-acid. 19th, Lying on its side. 


24th. Dead in the afternoon. . 

6, No.9. May 17th. Acute illness, cannot walk, crest blue, z-acid. 18th. Lying 
on ite side, 23rd. Somewhat better, moves a bit, crest less blue, crop remains empty, fed. 
24th. Sitting on its breast, crest red, therefore improving. 28th. Sitting on its heels. 
29th. Walking a bit. 30th, Crop for the first time not emptied. June 2nd. bis 


Series II. 


20th. * Can hardly keep erect. 21st. Lying on its breast. 22nd. Lying on ite side, 
crop to-day empty for the first time, cannot swallow however. 28th. Lets the x-acid 
run out of its beak. 


beak. 9th. Dead. 


2 No. 7. + May 18th, Walking with diffcuty, acid, 20th. Orop today not 
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eats, when rice is given. 27th. Walking as well as if normal, crop alternatively empty 
and not empty. June 2nd. Cured. 

3. No. 16. May 18th. Walking with difficulty, 2-scid. 19th. Sitting on its heels. 
20th. Crop for the first time not emptied. 25th. sebeage Sencar 
empty and not empty. 26th. Walking better. July 3rd. During the 38 days previous, 
the state remained stationary. 


week. To-day considered to be cuted. 
ek 4, No, 24 May 19th. Walking with difficulty, x-acid.. 20th. Sitting on its heels, 
has inclination to fall backwards. 21st. Lying on its side, crop not quite empty. 23rd. 
A bit better. 25th. Vomits » part of the z-acid. June 4th. Dead. 

5. No. 1. May 19th. Walking with difficulty, z-acid. 21st. Crouching on its 
heels, but still esting from iteelt. 23rd. Walking rather well. 27th: Cured. -— 


improved. 28th. Cured. 

No. 8. May 24th. Walking with difficulty, z-acid. June 6th, te 

heels, crop alternatively empty and filled. 20th. Improving gradually but greatly. 

July 9th. Cured. . 

2: No. 19. June 3rd. Walking a bit with difficulty. 9th. Walking worse, #-scid. 
24th. Gradually improving, crop alternatively empty and filled. July 6th. Cured. 

No. 10. June 3rd, Walking with difficulty, z-acid. 15th. Walking better, crop 


No. 21. June 11th. “Walking with diffioulty, 2-ecid 12th. Sitting on ite heels. 
20th. Walking bit better, 
July 13th. 16th. Cured. 


Series IV. 


- Gradually improving. 16th. Cured. 
2. No. 23. June 20th Walking with difficulty, acid, 27th. Very spastic, 
13th. 17th. Walking much better. 19th: 


ae <— No. 12. Aug. 9th, Walking with difficulty, z-acid. 10th. ‘Sitting on its heels. 
¢ ‘7th. Inflamed throat. 26th. Dead, left lung suppurated. 


28th. Much improved. 


Ser or | 


strong «-acid solution, The nine fowls, kept for control, remained without treatment. 


on its heels. Weight 1,800 kg. 27th: ‘Sitting on its breast. 29th. 


morning. In the last few days walking a bit better. 9% Oth. Improved greatly during the 


bi No. 29. May 19th. Walking with difficulty, z-acid. 20th. Sitting on its heels. — 
June 2nd. Crouching again on ite heels: 18th. 


No. 30. June 19th. Walking bit with difficulty. 20th, Suly Bra | 


4. No. 26. Aug. llth: Walking with difficulty, x-acid. 22nd. Improving obit, 


No. 1. Control. Dec. 12th. Walking with difficulty in the last few days. Crouching 
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Ezpt. Deo, 18th. Walking with difficulty, 1,750 kg. 20th. 
Jan. 3rd. Cured. 

No.3. Control. Dec. 20th. Walking with difficulty, weight 1,700 ke. 21st. Sitting 
on ite heels. 22nd. Lying on its side. 24th. Dead, weight 1,250 kg., no effusion into 
pericardium, no degeneration of nerves. — 


No, 4. Hzpt. Dec. 28nd. Welking.with diffeulty, weight 1,760 kg., #-scid. Jan. 


Ist. Oured, 
No; 5. Control. Dec, 23rd. Walking with difficulty, weight 1,750 kg. 24th; In- 


degeneration of the nerves. 

No. 6, Hzpt. Dec. 23rd. Walking with great dificulty, weight 1,200 kg., z-acid. 
Jan. 2nd. Cured. 

No. 7. Control. Dec. 30th. Walking with difficulty, weight 1,700kg. Jan. 5th. 
Lying on its side. 10th. Dead, weight 1,300 kg., degeneration of nerves. 


No.8. Hept. Jan. 2nd. Walking with difficulty, crop contains fluid, weight 1,300 kg., 
Cured. 


x-acid. 6th. Eating for the first time again, vomits some of the medicine. 28th. 

No. 9. Control. Jan. Sth. Walking with difficulty, weight 1,600 kg.. Feb. 4th. 
Lying on its breast. 12th.’ Lying on its side. 14th. Dead, greatly hypertrophic, 
no pericardial fluid, nerves not examined. _ 

No. 10. Hzpt. Jan. 7th. Walking with difficulty, z-acid. 28th. Cured. 

No, 11. Control. ‘Jan. 11th. Walking with difficulty. Feb. 16th. Cured. 


clination to fall backwards. 27th. Lying on ‘ita side 30th. Dead, weight 1,300 kg., 


No, 12. Expt, Feb. 11th, Walking with difficulty, weight 2,200 kg., z-acid. 12th. 


Sitting on its heels. 15th. Walking again a bit. March 18th. Cured., 


No. ‘13: Control. Feb. 17th. Walking with difficulty, weight 1,900 kg. 28th. 


Sitting om ite heels. March 4th. Lying on iteside, Sth. Dead, weight 1,300 kg., nerves 


degenerated. | 

No. 14, Zapt. March 30th, Walking with difficulty, weight 1,900 kg., x-acid. | 
April Ist. ‘Inclination to fall backwards. 7th. Me longer $7 
‘May ist. Cured. 


No. 15, Control, March 30th. Walking with difficulty, weight 1,600 kg. April 2nd. | 


Sitting on ite heels. 3rd. Lying on its side. 4th. Dead, nerves 


degenerated. 
No. 16. Expt. April 6th. Walking with difficulty, weight 1,900 kg., 2-acid, May 


lat. Cured. 

“No. 17. Control. April 7th. Walking with difficulty. 12th. ‘Sitting on ite heels. 
16th. Dead, nerves degenerated. 
No. 18. Hapt. April 22nd. Walking with Walking 
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ON THE REACTION OF THE BLOOD IN THE BODY. 


Durie the course’ of some recent investigations on the causes of 
dyspnese’ in-patients in military hospitals! the desirability was_felt of 
having further knowledge of the reaction of the blood as it exists in the 


of application of the hydrogen electrode to the determination of blood BS 
reaction inevitably’ leads to @ more or less complete reduction of the =f 
blood, so that the results obtained apply only to blood which is carrying =} 
little or no oxygen. The reasons why the blood should become reduced — y | 
_ during electromeétric determinations are easily understood—in the first — i 
place it is exposed to an atmosphere of hydrogen under conditions which 
favour loss of oxygen ; and secondly, as has been shown by K onikoff(2), 
- ,@ platinised platinum electrode is capable of catalysing ‘the chemical - 
combination between the hydrogen and the oxygen present as oxy- 4d 
hemoglobin. For this last-mentioned reason Michaelis recommends? | 
_ that in dealing with oxygenated blood an excess of hydrogen should at 
first be taken in the electrode vessel’in order to allow for that which q 
will gradually, combine with the oxygen. But apart fromits action in 
reducing the blood, this combination of the hydrogen dissolved in the 
_ metallic platinum with the oxygen is liable to lead to considerable errors 
and uncertainties in the measurement of the z.m.¥. since it leads to a i 


T. R. PARSONS. 


TIL in the eaction of 42 


It has been pointed out by Peters(1) that the present method 


See Lewis and others. Brit, Med. Journ, Oct. 14th. 1916. 4 
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REACTION OF THE BLOOD. 


aisesibatabies of the electrode: this means that the concentration of the = 


dissolved hydrogen is not at its maximum saturation value, so that the 


: BMP, set. up is too small. In order to avoid these difficulties later . ‘ 
workers on blood reaction have used only completely —— 


(Peters) or blood plasma (Milroy). 

‘When, in 1914, the work of Christidnsen, Douglas and Hal- 
dane) on the CO, dissociation curve of blood appeared, it became 
evident that oxygenated blood absorbs less CO, at a given tension of 
that gas than does reduced blood at the same CO, tension. Recently 


Hasselbalch(s) has shown that the hydrogen-ion concentration of a 
dilute solution of sodium bicarbonate — acid 


calculated from the formula 
where De is the axponent of the hydrogen-ion concentration according 


to Sorensen’s notation, [ Bik] represents the concentration of bicarbonate 
(combined COQ,) and [CO,] that of the free (dissolved) CO, in the solution, 


aad p, is a magnitude which Hasselbalch defines as the p,, when the 


concentrations of the free acid and of the salt are equal. This magni- 
tude p, involves the value of the first dissociation constant of carbonic — 
acid,. and the degree of dissociation of sodium bicarbonate at various - 
concentrations. 
that this formula applies without modification to the free 
and combined CO, in blood, he has further. pointed out that since the 
concentration of the combined CO, in oxygenated blood is less than that — 
in rediiced blood exposed to the same tension of CO,, it is to be expected 


‘that oxygenation of blood in itself produces an increase in its hydrogen- 
. don eoncentration. It becomes essential then, in work on blood reaction, 
. to have a method for the measurement of the C, not only of completely 
-peduced, but more particularly also of axyeenane blood. 


th attempting to analyse this effect of oxygenation on the reaction 
of blood it is most natural to suppose that when hemoglobin takes up 


oxygen the oxyhemoglobin produced is a relatively more acid substance, = 
. and that ite formation inside the red corpuscle will be accompanied bya 
corresponding shift in the acid-base equilibrium in the corpuscle con- 
tents... But since the properties of the whole blood with regard to the — 


absorption of CO, are also changed by the oxygenation it is evident that 


each shift in the acid-base equilibrium inside the corpuscle is accom- 
panied by a corresponding change in the acid-base equilibrium of the — 
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plasma... It does not follow that the reaction of the contents ca the red 


corpuscle is the same as that.of the surrounding plasma—in. fact there is 


- evidence that this is not:the case (see the reaults and references given by 
Milroy in his recent paper)—but the above considerations lead to the 


conception of a definite ionic equilibrium across the limiting membrane 
of the.red corpuscle, In a recent paper de Boer(7) explains the change 


of distribution of 80, ion between corpuscles and plasma under ‘varying 


conditions in terms of the same hypothesis. | 
- Further, when one speaks of the reaction of the complex. tissue blood, 
one strictly refers: to the reaction’ of its plasma. It is this which is 


- Measured by an electrode immersed in the whole blood ; the corpuscles 

merely remain suspended indifferently in the fluid, and may beremoved — 

without altering the z.m.r. reading. And doubtless itis the reaction of 
.‘. the bléed plasma which comes into direct contact with the tissues that 

4g of importance physiologically. Of course, towards a change of con- 

ditions—of CO, tension, for example—the separated: plasma will behave 


differently from the whole blood because, as has already been explained, 
and will be evident from the results which follow, the corpuscles play a 


a considerable part in determining the equilibrium condition. But when 
_ corpuscles and plasma are in equilibrium under any given conditions the 


removal of the corpuscles will produce no change in the ionic Seer 


_ provided that the conditions remain unchanged. : | 
| In this lies the principle which is fundamental to our method. The 
blood is brought into equilibrium with a gas mixture containing oxygen __ 
and CO, at any desired partial pressures: the corpuscles are then re- 
- moved in such a way as to leave the equilibrium undisturbed, and. ag 
Pa 


will be to give a soodunt the 
metric method of measuring hydrogen-ion. concentrations, since. such 
already exists elsewhere (Sorensen (6): all thatis necessary is to describe 
those pieces of apparatus which have been found er satisfactory 


for the purpose of the present experiments. 


_ The Saturator. For the purpose of ‘bringing a sample of blood 
rapidly into equilibrium with the mixtures of oxygen or hydrogen and 
CO,, without the possibility of either partial laking or evaporation, 

saturating vessel of the form and dimensions shown in Fig, 1 has been 
used. The central neck is for the introduction of the bldod and is closed 
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REAOTION OF THE BLOOD. 


be made to oscillate quickly about its points of support in order that the 
contained blood may be spread out as a thin film on the glass walls. - It 
is important that the ends‘of the vessel should be of the shape shown 


_in the figure so that the blood film is restricted to the central cylindrical 


body of the saturator; the side tubes then remain quite free from. blood 
and no frothing* occurs. The saturator is completely immersed in a 
thermostat bath at 37°C.: the gas mixture is first warmed by passing 
through a coil of narrow brass tube also immersed in the thermostat 
and is saturated with water vapour at 37°C. by bubbling through a 
little water in a small all-glass wash-bottle just before it comes into 


contact with the blood. Experiments to test the efficiency of this form 
of saturator have been made in two ways. Firstly, 3 c.c. samples of blood 


from the same specimen were exposed in it to a hydrogen-CO, mixture 


i. for varying lengths of time: it was found by a subsequent analysis of 


the blood that its CO, content became constant in 15 minutes. Secondly, 


_ when blood containing a large excess of CO, was used it was found that 


Te 
Fig. 1. The Saturator. 


to reduce the CO, content to the same value as was found when blood 
containing little or no CO, was exposed to the same gas mixture. Also 


no laking of the red corpuscles occurs while the blood is in this saturator, 


for when the corpuscles are centrifuged off, the plasma is found to be 
quite free from any-colouration due to free hemoglobin. The particular 
piece of apparatus (centrifuge tube, electrode vessel, etc.) to which the 


blood is to be transferred after exposure to the gas mixture is usually 


connected to the exit tube of the saturator and immersed in the thermo- 


stat during the shaking, so that when equilibrium has been established 


it is necessary only to tilt the saturator and allow the blood to drain — 


down into the side tube and then to be driven by the gas pressure into 


the adjoining piece of apparatus at a rate which is regulated by a clip 
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apparatus so that it is completely immersed in ‘the thermostat ia. 
with no exposed surfaces on which water vapour might condense. To 
ensure air-tightness all connections are made with rubber pressure tubing 
of.capillary bore. 
In order to obtain a sample of the gas for analysis, the gas mixture as 
it leaves the apparatus in the thermostat is led to a two-way tap,-one 
exit of which opens to the atmosphere through a little water seal: the 
tap is in this position until the saturation of the blood is finished. Com- 
munication is then established with the burette of a Haldane’s apparatus 
which has been previously filled with mercury. A convenient volume of 
the gas is drawn in, and then the two-way tap is again opened to the 
atmosphere in order to allow of the transference of the blood. © 


The hydrogen electrode. The electrode vessel that has been used for _ 


_ these experiments is similar to that described by Walpole) but is 
provided with a tap in its lower stem, and is of such size that it works 


. conveniently with 1 c.c. of liquid. It is fitted with an air-tight rubber 
stopper through which pass two narrow glass tubes each carrying a 


separate electrode of very thin platinum foil. These electrodes reach 
_ almost to the bottom of the bedy of the electrode vessel so that their 


lower ends dip into the liquid even when there is only a small quantity 


of it present. By this means it is possible to use widely varying quan- 


tities of liquid for the determinations, according to the amount available. 
The object of using two separate electrodes in the one vessel is to make — 


_ possible a confirmation of the correctness of the measurements by the 

agreement between the separate E.M.¥. readings, any difference of reading 
being an indication that one, at least, of the electrodes is not functioning 

properly. 

a The usual experience with this-apparatus is that at first the two 

__ electrodes give slightly different readings, but that when the electrode 


has been shaken for a few minutes both acquire the same value which — 


then remains constant, Before each day’s experiment the electrodes 


-* have been cleaned by thorough washing and heating to redness, and 
_ then replatinised, since the ease with which the platinum foil becomes’ 
saturated with hydrogen varies very considerably soconding to the con- 


dition of its surface. 


As has been mentioned, the electrode vessel is connected in at 
_ with the saturator during the saturation so that the same hydrogen-CO, 
mixture passes through both: in this way not dnly the blood or plasma — 


_ but at the same time also the platinum electrodes are brought into 


the gas BO that blood and electrodes are 
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REACTION OF THE BLOOD. ee. 


© brought into contact the u.m.¥. between them is very rapidly se up. 


As soon as the blood has been transferred to it, the electrode vessel is 
disconnected from the saturator and immersed in a beaker of saturated 


» . potassium chloride solution kept at a temperature of 37°C. in a second 


thermostat. The calomel electrode is immersed in the thermostat along- 


© side the beaker, and is so supported that its contact tube can be 
| drawn up a little above the surface of the strong potassium chloride 
solution when | a reading is not being taken. In order to detect any 
change of its “z.u.r. due to diffusion of impurities into the cdlomel 


solution, the calomel electrode which is used in the experiments is 
frequently compared with a number of similar electrodes which are kept 
for use a8 standards only. As soon as one determination ofthe E.M.F. 


of the electrode system has been made, the hydrogen electrode is closed 
- and shaken vigorously up and down for a few seconds by means of its 
© glass support. A second reading is then taken and the shaking repeated 


until the readings given by the two platinum electrodes are identical _ 
and constant. It should be mentioned it has been found advisable, in 
order to avoid any error due to leakage of the current used for heating 


_ or stirring the thermostats, to disconnect these entirely from the mains 


at the moment areading is being taken. With a similar object also, all 
the electrical measuring instruments are supported on large slabs of 
paraffin wax.’ From the following readings taken on a sample of plasma 


it will be seen that the z.™.¥. increases slightly after the first one or two 
| ‘but aoquires a constant value in not more than 15 mins. 


Time in minutes 
observed (volts) -7805 -7818 +7827 “7827 “7823 


ve many of the experiments have been carried: out at fairly high — 


"tensions of CO,, the observed £.M.¥. has in all cases been corrected for 


the reduction of the partial pressure of the hydrogen by the addition of 

‘17 millivolt for each 10 mm. of mercury partial pressure exerted by CO, 
(Sorensen(), p. 417). 

The centrifuging apparatus. In order to separate the corpuscles from 

a sample of blood without disturbing its equilibrium with a gas mixture 

it has been necessary to devise an arrangement for carrying out the 


centrifuging at body temperature. For this purpose the blood is trans- 


ferred from the saturator, in the way already described, to a small 
centrifuge tube provided with a side tube and fitted up as shown in 
Fig. 2. This has a capacity of about 3 c.c. and is filled as completely 
as possible with the blood (a remaining bubble of gas mixture is of no 
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‘consequence). I is then clove off by moana of wll Sitting glass rod 


wu 
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2. Apparatus for centrifuging 
_ blood at body temperature. 3B, 
centrifuge tube completely filled 
with blood, (’, cork support for 
centrifuge tube. V, cylindrical 
vacuum vessel filled with water, 
. W, at body temperature. It is 
supported by the plaster of Paris 
cast, P, and its sealed end is pro- 
tected by cork, C. 3S, iron tube- 
holder of centrifuge. 


the electrometric 


stoppers and transferred to a cylindrical 
vacuum vessel which has been immersed 
in the thermostat bath and contains 
enough water at 37°C. to cover the 
centrifuge tube. The vacuum vessel is 


then at once transferred to the iron 


tube-holder, of the centrifuge which, in 
order still further to dimifish the loss of 
heat, has previously been warmed in 
boiling water. ‘The whole arrangement 


_ is then placed in the centrifuge with as 


little delay as possible. With this ar- 


rangement the fall of temperature, which 
was noted in each experiment, of the 
water in the vacuum vessel was rarely 


more.than 2° C. during the 10 minutes 


required for the centrifuging, and the 


change of temperature of the blood was 


probably less than this. At first some 
trouble was found in supporting the 
‘vacuum vessel so that it would not be 
broken during the centrifuging, but the 
arrangement shown in the figure has 


obviated the difficulty. The sealed off 


point of the vessel is protected by a 


cork, and it is supported on a cast of 
plaster of Paris which exactly fills up the 
space between the glass and the iron 
tube. The inner wall of the vessel is 
protected from pressure from the cen- 
trifuge tube by a large hemispherical 
pad of cork. When the centrifuging is 
finished, the plasma is at once pipetted 
off into a second saturator ready for 


_ The sample of blood for analysis was run off from the saturator into 


& pipette immediately after the centrifuge tube was disconnected, and 
transferred to the Barcroft differential apparatus. iy baryta was the : 
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REACTION oF THE BLOOD, tt 


bs alkali used to retain the CO,. In order to be certain of the absdlute - 
volumes of CO, liberated, the apparatus had been calibrated by an 
empirical siathied which was first suggested by Dr Ita gaki and has not, 
so far been described. Experiments were performed in which the CO, 
_* was liberated from 1.c.-of sodium carbonate solutions of known 
| _ strengths, under exactly the same conditions as those under which the 
~~ CO, was liberated from the blood during an analysis. The readings 
obtained were plotted against the volumes of CO, calculated from the — 
_ strengths of the carbonate solutions employed so that a curve was 
___ obtained from which the CO,-volume corresponding to any given reading 
| __ could be read off. This curve was very oeny, but not exactly, a 
| straight line. 
; 4 Lastly it may be wiationed that the mixtures of hydrogen or oxygen 
and. CO, were stored in gas-holders over a saturated solution of calcium 
chloride in which CO, is but sparingly soluble. | 
For each pair of determinations about 10 c.c. of blood were obtained. 
| from my finger during the moderate activity occasioned by the prepara- 
for the determinations. It was defibrinated by. very careful 
whipping with a feather so that evaporation and damage to the red | 4q 
cells were reduced to a minimum. The sample was kept on ice until © a 
With these methods and apparatus the order of experiment was | 
usually as follows: In performing an ‘oxygen’ experiment about 4-5 c.c. 
of blood were brought into equilibrium with the oxygen mixture con- 
taining the required tension of CO,. The exact value of this tension — 
was determined by analysis, then 3c.c. of the blood were centrifuged 
be and the remainder used for the blood-gas analysis. ‘The plasma was 
pipetted off into another saturator, and there brought into equilibrium 
with a hydrogen mixture containing the same tension of CQ, as the 
__ oxygen ‘mixture already used. This hydrogen-CO, mixture was also 
analysed and the plasma transferred to the electrode vessel and the 
E.M.F. reading taken at once. : 
~ The procedure for a ‘hydrogen’ experiment is identical with that for 
the ‘oxygen’ experiment, except that the blood, as well as the plasma 
> after centrifuging, 1 is treated with the hydrogen-CO, mixture, and so is 
ie obtained in a completely reduced instead of a fully oxygenated con- 
dition. Both ‘oxygen’ and ‘hydrogen’ experiments were always made _ 
on.@ portion of the same blood sample, and, with the exception of the ‘ 
first recorded: experiment, were carried out consecutively on the 
day. In some cases it was ‘oxygen,’ in others the 
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. experiment which was performed first, in onder to avoid. en 
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REAOTION OF THE BLOOD. 


Tt has thus been at each partial pressure of CO, to 
. ; : the CO, content and also the hydrogen-ion concentration of both the 
fully oxygenated and the reduced blood. results are 
summarised in Table I. 
Tastz II. Direct measurements on reduced blood, 


(mm./Hg.) (fully corrected) 10-7 x 

49-4 7872, ‘447 735 


ae Fig. 3. Curve RB, completely reduced blood. Curve 0, fully oxygenated blood. x, minont 
be : ~ measurements on reduced blood. H, Hasselbalch’s curve. 


It might have been expected that the behaviour of the blood a, 
CO, would have been much more variable than the relation of its henio- 
globin to. oxygen, for in the first case the relations appear to be much 


more than in: the latter. But in of the fact that all ‘ 
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these determinations had to be made on peter samples a blood 

collected at different times during the course of a month, the values in 
Table I when plotted yield very satisfactory curves. Fig. 3 shows the 
relation between p,, and CO,-tension for both the fully oxygenated and 


‘the completely. reduced blood. The two curves are parallel: to one 


another, at a distance representing ° 038 p,,, so that at any given CO, 
tension, a change from the condition of complete reduction to full 
oxygenation is accompanied by a decrease of -038 in the p,,. Also in 
Fig. 3 are plotted some values, shown in Table II, obtained by a some- 


what different method for my blood in a completely reduced condition. — 
In these experiments, which were performed some months before those — 


recorded in Table I, a sample of 2 ¢.c. of blood was exposed in a saturator 
to an analysed mixture of hydrogen and CO, and then passed direct into 
the electrode vessel, no centrifuging being necessary. Thus the E.M.r. 
reading was taken with the whole reduced blood in contact with the 
electrode. It will be seen that the points obtained in this way lie on 
exactly the same curve as is obtained by the present method in which 
the blood is centrifuged, and only the plasma used in the electrode 
vessel. The exact correspondence between the results obtained by these 


two methods can leave no doubt as to their validity, and as to the 
correctness of the contention that, wnder equilibrium conditions, the — 
reaction of blood as measured eer is er with the 


reaction of its plasma. 

In Fig. 3 also I have copied, faithally- sa the scale 
permits, the latest curve given by Hasselbalch (loc. cit. p. 126) showing 
_ the change of p,, with CO, tension in his own blood at 38°C. Hassel- 
~ balch uses-a-mixture of air and CO, in his saturator, and transfers the 
fully oxygenated blood to his electrode. It thus seems fairer to draw 


& comparison between his curve and the one which represents the © 


behaviour of oxygenated blood. -It will be seen that the general direc- 
_ tion of the curves is the same, but that Hasselbalch’s blood appears to 


be more acid than mine at each CO, pressure. The reason for this may 


_ he to a certain extent in an individual variation, and without more data 
. of this kind for the bloods of a number of individuals the extent to which 


this factor operates must remain undecided. But the divergence may 


possibly be partly explained by differences in our experimental pro- 
cedure. It is a significant fact that practically all the errors which — 

_ are likely to occur in electrometric determinations on blood (with the 

_ exception of loss of CO,, which is out of the question 1 in the experiments 
here — tend to yo a reduction in the — of the E.M.F. 
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REACTION OF THE BLOOD. 451 
> witha consequent shift of the result towards the acid side. The par- 
* ticular point in which Hasselbalch’s procedure differs from our own is 
| that he runs oxygenated blood into the electrode vessel, and so his 
results are liable to be effected by an error due to depolarisation of the 
electrode. This, as mentioned on p. 440 causes the £.M.F. reading to be 
too low, t.e. the blood to appear more acid. | 
As these experiments furnished a series of values of the total CO, 
content of both oxygenated and reduced blood under various known 
tensions of CO,, it was thought to be of interest to calculate from them 
the p,, of my blood at various CO, tensions according to Hasselbalch’s 
method (loc. cit.). The CO,-dissociation curves were first plotted (they 
are not here reproduced) and from them corresponding values of CO, | 
- tension and total CO, content were read off and substituted in Hassel- 
~~ baleh’s formula. The results are shown in Table III. Without plotting — 


III. ofthe py of Hood by metho from ite 
Total 00; content 


bf blood 
(mm. Hg.) reduced 
| 48 52 7:30 (734 
60 585 62-5 7:20 


rs, them in the form of curves it will be seen that the calculated eee eae 

a in p, with CO, tension run quite parallel with those observed experi- 

mentally, and the mean difference between the p,, of the oxygenated 
) and the reduced blood under the tame CO, tension is — -035, which is 

i in excellent agreement with the value obtained from the experimental 
| 3 curves (Fig. 3). The values of the p,,’s are, however, consistently lower 

[ _ than those found by experiment. 

> Tt has been stated above that the difference of Pp, between the 

| + oxygenated and reduced blood at any CO, tension appears to remain 

|) Constant at.— -038, whatever the actual value of the CO, tension may be. — 
‘This is expressed by the parallelism of the curves in Fig. 3.. It should 

a _ be borne in mind, however, that this interval in p, corresponds to a 

. Ls , larger interval in actual concentration of hydrogen ions (C,,) at the lower 
values of p,, than at the higher ones so that there is a greater difference | 

4? in C,, of the bloods at higher 05 tensions than at low ones. (See 

a curves O and R in Fig. 7.) 

plotting the between the Py of the blood, 
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- and its total CO, content (Fig. 4) it will be seen that the change of 
- reaction which occurs on oxygenation in a sample of blood whose total 


CO, content is unchanged is much greater than if it were kept at-constant 


tension. At a CO,-content of 50 0.c. CO, per 100.¢.c. blood—a.con- 


centration which occurs under ordinary physiological conditions—the 


difference in p, amounts to as much as — +11. 


‘ts \k 
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Fig. 4 Curve R, completely reduced blood. Curve 0, fully . 


X, direct measurements on reduced blood. 


IIL. The variations in the reaction of the blood in the body. 
These last-mentioned curves showing the change in p,, of blood as 
the CO,-content increases are of importance in another way—for with 


_ their aid it is now possible to represent the actual reaction, changes of 
the blood as they occur in the body. For:convenience those portions 


of the curves which occur within the physiological limits are drawn on a 


larger scale in Fig. 5. The argument is precisely similar to that. used 
_ by Christiansen, Douglas and Haldane in dealing with the. changes 


of CO, tension in the body: we shall assume with them that the tension 


of CO, in the alveolar air is 40 mm. Hg.: that the arterial blood is 


practically completely saturated with oxygen: that if all the oxygen 
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REACTION OF THE BLOOD. 158 


the sroduction of CO, a completely blood con- 
taining an excess of 15c.c. CO, per 100c.c. would result, but, that : 


actually during its passage round the circulation the blood loses only 
about one-third of its total-oxygen. 


From the results in Table I it follows that at a tension of 40 mm. Hg. 
of CO, my-hlood when completely oxygenated will contain 48 c.c. CO, %. 
Its p,, will then be 7:38 (point A) (Fig. 5). If no change in p,, occurred — 
as consequence of loss ‘of oxygen, the addition of 15c.c. CO, % would 
cause of Pu to 7-20 (point But to the 
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TOTAL CQ, CONTENT OF BLOOD 
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effect of Lo of oxygen on the reaction the P, falls only to 7-31 (point Cy. 
—e change of -07 instead of -18. Thus the change of reaction of the — 
blood as it loses oxygen and gains, at the same time, an equivalent 
amount of CO, is represented by the straight line AC, and this must be 
a close approximation to the conditions obtaining in the body. Actually, 
since in the hody the blood probably never becomes more than one-third 
reduced, the change of reaction will be represented by some such portion 
of the line as AD, and the total change of p, during a circulation will 
then be about -02. This is in exact acca with ee 
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PARSONS. 


___’ St should be emphasised that in all these considerations-we have been 


_ dealing with the properties of blood which has been defibrinated, and is, 
in that respect, abnormal as far as the body is concerned. In this con- 
nection the remarks of Christiansen, Douglas and Haldane ((4), p. 


— 248) on the possible effects of defibrination are particularly significant. | 


Moreover, the representation of the changes occurring in the body by 
the straight line AD involve the assumptions that the loss of oxygen by 
the blood and the acquisition of an equivalent quantity of CO, occur 
simultaneously ; that the amount of change of reaction of blood due to 
loss of oxygen alone is directly proportional to the degree of reduction 
which occurs: and that CO, is the only product of oxidation. Doubtless 


these statements are approximately true, but we have no data at present 


which enable us to decide exactly what form the line AD should take. 

_ In comparing this account of the variations in the reaction of blood 
with that of Christiansen, Douglas and Haldane of the variations 
in its CO,-tension one cannot but be convinced that, of the two alterna- 


tive explanations which they put forward ((4), p. 258) the former is the 


more probable—that oxygenation assists in the expulsion of CO, from 


the blood, not on account of any change in the state of aggregation of 
the hemoglobin molecules, but by virtue of the increased hydrogen-ion — 


concentration to which it gives rise. The fact that the difference in Pu 
between oxygenated and reduced blood as calculated from the CO,- 


dissociation curves by Hasselbalch agrees with that observed experi-. 
‘mentally is further evidence in support of this explanation of the effect 


of oxygenation. 
In a later paper it is proposed to attempt to analyse the various 


_ factors which determine the extent of the change of reaction of the 


blood in the body as represented by the line AD. For the present, 


attention will be called only to the fact that one of the,circumstances — 


which are of importance in determining the length of the line AD (i.e. 
the total difference of reaction between the venous and the arterial 
bloods) is the distance between the curves for oxygenated and for 
reduced blood respectively. Now this distance is a measure of the 


effect of oxygenation in changing the reaction of the blood, and is, there- 


fore, entirely determined by the red corpuscles, Evidently then the 


total variation of reaction of the blood in the body is dependent not only 
upon the composition of the plasma, but also upon the presence of the 
- red corpuscles. Had we further information it might be possible to 


_ decide exactly what is the relative importance of these two factors: all 
that can be said now is that they appear to exert influences which are of 
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the same order of magnitude on the ionic equilibrium in the blood. Nor 

should this result be surprising when one remembers what a relatively 

large bulk of the whole blood is made up by the corpuscles. : 
This conclusion is of importance in two ways. In the first place it 


_ now becomes evident that this effect of the red corpuscles in determining 


the blood reaction must exert some influence in cases where there exists 


- a considerable alteration in the number of red corpuscles present in the 


blood. The change of reaction on oxygenation will, presumably, be at 
least roughly proportional to the number of the red corpuscles present. 


CONTENT — 
Fig. 6. See description in text. 
Now, in Fig. 6, let the curve R represent the change of p,, with increased 


€O,-content in completely reduced blood, and the same relation 


for the fully oxygenated blood (1) containing a normal concentration of 
red corpuscles n,. If from some cause the concentration of red cells — 
rises to m,, the behaviour of the plasma alone remaining the same as 
before, we may represent the properties of the more concentrated blood, 
(2) by the curve O, where 
between Band 0, _ 
distance between Rand O, 
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456 3 T. R. PARSONS. 

Let P,Q, sata the volume of CO, which would be sieidiiied: in 
excess of the normal content, P,, of the arterial blood at the normal 
_ alveolar CO, tension, if all the oxygen were converted into CO,. 

If we neglect any possible effect on the reaction or CO,- dissociation 
of the completely reduced blood due to the presence of the excess of 
reduced red corpuscles, the condition of both bloods will be represented 
by the point C. But when the blood loses CO, and gains oxygen in the 
_ lungs that containing the concentration of red cells n, will change to the 
condition A,, but that containing n, corpuscles will remain abnormally 


acid as indicated by the point A,. Of course, in the body the venous 


blood n, will also be more acid than the venous blood n,, but owing to 


the partial reduction, the difference will not be so great as between the 


arterial bloods, and, on the assumption that no effect is produced on the 
reaction of the completely reduced blood by the excess of red corpuscles, 
the difference would become nil if all the oxygen in the blood were con- 
_ verted to CO,. The abnormally acid arterial blood n, will stimulate the 


respiratory centre so that a condition of hyperpneea will be set up. The. 


alveolar CO,-tension will fall to a value corresponding to a CO,-content 
in the oxygenated blood represented by P,, for example, at which 
_ respiratory equilibrium is attained with the p,, of the arterial blood at a 
value represented by A,—still abnormally acid. 

It now remains to give some idea of the possible magnitude of the 


effects which can arise in this way from an altered concentration of red. 
corpuseles. According to Campbell, Douglas and Hobson) a rise 


of 2 mm. in the alveolar CO, pressure causes an increase of 10 litres per 
minute in the total ventilation of the lungs. From Fig. 7 it will be seen 


_ that for my blood at 40 mm. CO, tension a rise of 2mm. means an 


‘inerease of about -014 x 10-? in the hydrogen-ion concentration. The 
total change in C,, caused by the change from complete oxygen satura- 


to complete is approximately -043 x 10-7 at a constant 


tension of 40mm. CO,. The change due to oxygenation of venous blood 
two-thirds saturated will therefore be -014 x 10-7. Now supposing that 
_ the number of red corpuscles in my blood has a normal value of 5 millions 
per mm.*, and that by some means this number were to become increased 
to 7 millions—gn extent of increase very commonly observed in patho- 


—— etna. The change on oxygenation of the venous blood will 


meaty 090 10-1 | 
The effect, then, of an increase ofthe red corpuscles from 8 to 7 
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millions per mm.* on the reaction of the fully oxygenated arterial blood 


_ (represented by 4,4, in Fig. 6) is an increase of (-020 — -014) x 10-7, 


1.¢. Of 006 in the C,,. This is about 43 %, of the total rise in C,, required 


to increase the total lung ventilation by 10 litres per minute. A change 
. of concentration of red corpuscles may, therefore, constitute a very — 
_ appreciable factor in the production of respiratory disturbances. 


Secondly, it follows that, since the corpuscles have so large a share in 


determining the ionic equilibrium in the blood, the changes of reaction 
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Fig. 7. Curve R, completely reduced blood. Curve 0, fully oxygenated blood. Curve C, 

Milroy’s ourve for plasma from Cat. Curve D, Milroy’s curve for plasma from Dog. | 
‘ 


"observed in the plasma when the CO, tension to which it is exposed _ 


varies do not furnish a reliable indication of the changes which would 
occur in the whole blood as a result of an equal change in CO, tension. 
To illustrate this I have copied in Fig. 7 the curves given by Milroy (6) 
showing the change in:C,, in plasma with increasing tensions of CO, 
alongside the corresponding curves for my own whole blood. Unfor- — 
tunately Milroy publishes only the values he obtained with plasma from 
the cat and dog, but they serve to illustrate the enormous difference of 
behaviour which results from the absence of the blood cells. 
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“de. 
Duting the experiments for this research the hydrogen 


pe for the electrometric determinations was obtained from a cylinder. 
It was discovered subsequently the gas contained carbon-nionoxide in 


sufficient quantity to saturate the hwmoglobin of the blood samples — : 


exposed to it to the extent of about 95%. This means that in these 
_ experiments the reaction of fully oxygenated blood was being compared, 
“not with that of reduced blood, but with that of blood practically com- 
pletely saturated with carbon-monoxide. The results are recorded in 

Table IV: they are all probably a little low—but each to the same 


Taste IV. Carbon- experiments. 


866 “7899 
18-6 ‘19938 787 
461 $7828 7832 
116 “T7381 7:20 
10 “8451 8459 8-30 
“8078 “8082 7-69 
28-4 7925 "7937 7-46 


* Not corte for ihe pst of 00 present in the hydrogen. 


; extentecas no correction has been applied for the reduction of the partial 


pressure of the hydrogen by the carbon-monoxide present. It is interest- 
ing to find that the carbon-monoxide has the same effect in increasing 
the hydrogen-ion concentration of the blood as the oxygen, just as it also 
tends to expel the CO,. This is another piece of evidence in support of 
the view that oxygen reduces the absorbing power of blood. fee ti by 
virtue of the increase * acidity which it produces. — 


ee Under equilibrium conditions, the edie concentration of 

_ blood as measured electrometrically is the same as that of its plasma. 
2. The p, of fully oxygenated blood at a given tension of CO, is leas 

than that of completely reduced blood at the ‘same CO, tension by “038 : 

_ this difference is constant for all tensions of CO, and its value agrees 


with that from the curves Hasselbalch’s 
method. 
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_ 8. The difference in p,, between arterial and venous blood in. the 

| body is approximately -02. 

a 4. The red corpuscles play o large part in determining the ionic 

Ue equilibrium i in blood : the changes in reaction produced in blood plasma 

_ by inerease of CO, tension are much ‘greater than those produced in the — 
whole blood. 

5. An increase of the relative number of red corpuscles to the extent . 

observed in pathological conditions exerts an appreciable effect on the 
reaction of the blood in the body, and so on the respiratory equilibrium. 

i 6. The effect of oxygen in expelling CO, from blood is due to the 

increased acidity it produces. 

_ 4, Carbon-monoxide has the same effect as oxygen in increasing the 

acidity of blood. 


a I am indebted to my wife for shaving with me the experimental work , 
- involved in this investigation. Without her help it would have been . 
impossible to carry out the simultaneous determinations which 

| __ required. My best thanks are due to Mr Barcroft under whose direction 

Ke I have worked for much helpful advice, and to Prof. Milroy for an 

-- opportiunity of working in his laboratory. But especially am I indebted © 

~ . to Capt. Peters, M.C., R.A.M.C. This indebtedness is due for much of 

_. the apparatus which was set up by him in the Cambridge Laboratory 
_ __-and for the use of it. The work which forms the subject of this paper — 
- is roughly that in which Capt. Peters was engaged. _ I have verified his 

| _ statements that his former curve(tl) erred on the side of acidity and that 

~, over the physiological portion it is differentially correct; and I find in his 

-_ note-book, that. on August 1, 1914, he obtained readings for CO-blood 

| __which agree with mine. Mr D. Sturton, of Emmanuel 
some of the blood gas analyses. 
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SOME ACTIONS OF ADRENALIN. UPON THE LIVER. 
| By F. A. BAINBRIDGE anv J. W. TREVAN. 


Wai have pointed out that adrenalin, if and 
continuously into the blood stream, gives rise to some obstruction to the . 
flow of blood through the liver, and that, if the obstruction is prolonged, __ 
the general circulation becomes profoundly modified and the animal 
passes into a condition of “shock.” We propose in this paper to describe 
more fully the immediate effects of adrenalin upon the blood flow through | 
the liver and to discuss the means by which they are produced. 


| Methods. The experiments were made on cats and dogs anewsthetised a : 
with c.g. mixture; the dogs received a preliminary dose (4-1 grain) of 


morphia, and the cats usually received 1 gm. of urethane per kilo in 


addition to the volatile anmsthetic. The portal pressure was recorded 


from the splenic vein and the vena cava pressure from the iliac vein; 


_ the latter was exposed extraperitoneally and the'cannula inserted close 


to the opening of the vein into the inferior vena cava. The pressures 


recorded were those obtaining respectively in the portal vein just below 


its entrance into the liver and in the vena cava just below the diaphragm. 
The recording manometers were filled with a 3-5 % solutioA of sodium 


- citrate. Graphié records of the portal pressure were obtained by con- 
necting a moderately: sensitive piston recorder with the recording mano- 
_ meter. Changes in the volume of the liver were studied by inserting 


between the lobes of the liver a small balloon containing water and con- 
nected with a piston recorder. This method has previously been shown 
by Dale and one of us (F. A. B.) to give reliable qualitative records of 
changes in the volume of the liver, provided that precautions are taken 


. to expose the liver freely and to hold back the walls of the chest and 


abdomen so as to avoid pressure on the liver from contiguous organs and — 
from the diaphragm. In some experiments, in which adrenalin was in- 


_ jected continuously for fifteen minutes or longer, the alteration in the 


yolume of the liver was er barge! to be directly. nears Asmall 
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ADRENALIN IN LIVER. a 


Map ERS, was given eatly in each experiment in order to exclude 
reflex vagus inhibition. 


- Whether adrenalin is injected into the systemic circulation or into 
a branch of the portal vein, it produces almost immediately a rise of 
portal pressure, an increase in the en of the liver and a greater flow 


~ of lymph from the thoracic duct. ~ . 


The portal pressure. In the dog, the first effect of rapidly injecting a 


large dose (1 c.c. of -01 %) of adrenalin into a-systemic vein is a fall of 


pressure amounting to 10-20 mm. sodium citrate solution and lasting 
from 15-30 seconds; this is succeeded by a rapid and enormous rise of 
pressure, which reaches its maximum 2-3 minutes after the i injection. 
The pressure then falls slowly, and does not return to its original level 
until several minutes after the arterial pressure has fallen to its previous 
level.. Diminution of the amount of. adrenalin injected lessens the 
secondary rise much more than the primary fall of portal pressure; and 


_ after a small dose (e.g. 1 c.c. of -001) of adrenalin, the rise of pressure may — 
‘amount to only a few (10-20) mm. of sodium citrate solution. When 


adrenalin is continuously injected at a very slow rate for several minutes, 
the portal pressure remains high throughout the period of the injection. 
An equally striking rise of portal pressure follows the injectgon of 
adrenalin into a tributary of the portal vein although; if the injection 
is not made too rapidly, the arterial pressure may remain unaltered or 
may even fall considerably; in these circumstances, the initial fall of 


portal pressure does not occur. After ligature of the hepatic artery, the 


rise’ of portal pressure produced by adrenalin is quite as great as that 


E. observed in the intact animal. 


Whatever the site of the injection of adrenalin, the vena cava pressure 
shows very little alteration. Usually it rises a few (5-15) mm. of sodium 
citrate, but occasionally it falls slightly ; and if the injection of adrenalin 
is prolonged for a few minutes the vena cava pressure may be perfectly 
normal at a time when the portal pressure is 300 mm. or more above its 


Original level. 


Similar results were obtained in cats, but the rise of portal pressure is 
much smaller than that observed in dogs and many exceeds 80-100 mm. 
sodium citrate. 

The volume ofthe liver. If adrenalin is injected slowly and continuously 


~ into a systemic vein for 10-20 minutes the liver in dogs can usually be 
- observed by the naked eye to be swollen and intensely engorged with © 


blood; this effect. is produced only by very large doses of adrenalin 
per Kile) but the:belloon, method shows thet even « single 
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1. Dog. Weight 12 kilos. ‘Venous pressures recorded in mm. sod. citrate 
solution (sp. | 

Portal V. cava 

Time (mm. Hg.)-~ pressure pressure. 

3.30 120 95 * 25 

3.32 150 285 12 ~—_ adrenalin, into jugular vein 

341. 140 285 

347 295 20 


Fup. 2. Dog. Weight 5 kilos. 
2.354-2.96. 1 01 9% adrenalin nto femoral vein 


Inject 1'0.0. of -005 % adrenalin into mesenteric 


Dog. Weight 6 kilos. Low tare round 
Injoot 1.0, ot % into vein 


(6.33. nt 9 en 


14 
80 


} 


 fapid injection of adrenalin (1 ¢.c. of -005 %%) causes an increase in the 

a -volume of the liver (Fig, 2). The increase begins almost simultaneously 
with the rise of arterial pressure, and lasts for a short time after this has 
again fallen to its original level. It must be noted that the balloon 
method merely shows approximately the time relations of the changes 
in liver volume, and that it gives no indication of the actual extent of 
the change. “The increased volume of the liver, which was first noticed 
_ by Dale and one of us (F. A. B.)(), is clearly due to the accumulation 
@ - of blood in the capillaries of the liver. In several experiments small 
@ pore of the liver were isolated by double — in order to retain 
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the blood in situ, and were then excised and examined histologically. 
Two pieces were taken, one as a control at the beginning of an experiment, 
and a second one after the injection of adrenalin: The sections showed 
that the injection of adrenalin, especially in large amount, led to extreme 
engorgement of the capillaries and of the interlobular and intralobular “ 


‘veins with blood. 


The lymph flow. It has ssehanie been pointed out by Yanagawa(s) | 
that the injection of adrenalin into re circulation increases the flow of 


Fig. 1. Effect of injecting, 2 Ol %, 


Fig. 2. Injection, 2.0. of adrenalin (1 in 10,000) into a jugdlar vein. As a 
result of the injection the portal pressure rose 255 mm., sodium citrate solution. 


lymph from the thoracic duct, and that the lymph becomes slightly more 


concentrated. Yanagawa made no observations on the cause of the 
increased flow, but he considered that it is probably due to increased 
capillary pressure and therefore to increased filtration. We find that the 
slow continuous injection of adrenalin into a systemic vein causes an 
increased flow of lymph from the thoracic duct. This begins very shortly 
after the injection is started, and the flow may become four or five times 
greater than that previous to the injection; further, the lymph becomes — 
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BAINBRIDGE AND J. Ww. TREVAN. 
slightly more concentrated. The same result is obtained ifthe adrenalin 


is injected into a branch of the portal vein, any 


rise of arterial pressure. 
Exp. 4. Dog. ‘Weight 66 kilos 
5.30 136 9-5 §.25-6.58: continu notion of 49 
535-545 65644 144 #126 adrenalin, 9 c.c. 
6.45-5.55 5.55 146 120 
(10 cava ing 


2 55 
(max.) 81 Injected 40.0. 01 % adrenalin into jugular vein 
4 45 3956 (max.). Injected 5 ¢.0. 


The swelling of the liver and: the extreme engorgement of its vessels 


of blood from the liver into the vena cava. This view is adopted 


by Edmunds@ who observed swelling of the liver after the injection of 
. adrenalin, although this was only constant after ligature of the hepatic 


artery. Our observations show, however, that it occurs equally well in 
the intact animal, so that the obstruction to the blood flow through the 


liver arises independently of its arterial supply. It is evident that the 


occurrence of an obstruction of this kind must result in a rise of portal 
pressure; and there is undoubtedly a ‘close connection between swelling 
of the liver and the rise of portal pressure as regards their time of onset 


and their duration. Regarded from this point of view the engorgement 
_ of the liver and the rise of portal pressure are merely the outward mani- 


festations of obstruction to the escape of blood from the liver. 
Other observers however have put forward a different explanation of 
the rise of portal pressure which follows the injection of adrenalin. 


Schmid(? attributed the rise of portal-pressure which he observed to 


increased resistance and tone in the blood vessels of the liver, though it 
is not clear whether he regards this as occurring in the capillaries or 


_ in the radicles of the portal vein. Burton-Opitz(, -who confirmed 


Schmid’s observation, concludes that the effect is due to constriction 
of the branches of the portal vein as it breaks up in the liver; this con- 
clusion harmonises with the observation ‘of Bayliss and Starling® 


clearly point to the production by adrenalin of some obstruction tothe __ 
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ADRENALIN IN LI VER. 465 
result which they regarded as showing that the radicles of the portal vein 


_. as it breaks up in the liver are supplied with vaso-constrictor nerves. _ 


A rise of portal pressure thus produced would lessen the blood flow to _ 
the liver and would therefore tend to diminish its volume. The fact that 
both a rise of portal pressure and swelling of the liver are simultaneously 


+ produced either by adrenalin or, as Edmunds has shown (6), by stimu- 


lation of the splanchnic nerves makes it clear that the rise of partal 


pressure is primarily due to the setting up of some obstruction to the 


escape of blood from the liver. It is possible, however, that some con- 
striction of the portal vein may also occur, since rings of portal vein — 
contract under the influence of adrenalin (Edmunds). i 

The increased ‘capillary pressure brought about in the liver by #t this 
obstruction readily accounts for the observed increase in the lymph flow 
from the thoracic duct. The high portal pressure must also raise the 
capillary pressure in the intestinal capillaries, particularly when the 
arterioles relax as the. effect of adrenalin on the vessels passes off; and — 
some of the additional lymph must be intestinal in origin. But the slight 
increase in the concentration of the ssp shows that iti is derived mainly 
from the liver. 

Investigation of the nature of the ‘obstruction to ) the flow of blood 
through the liver has proved very difficult. ‘The occurrence of an intensely 
engorged liver and a high portal pressure concurrently with a normal — 
vena cava pressure at once excludes the possibility that the obstruction 
is caused by back pressure from the systemic veins; moreover these - 


‘effects are observed whether the arterial pressure is raised or whether | ae 


is unaffected by the injection of adrenalin. It is evident that the obstruc- 
tion must arise in the liver itself, and the most obvious explanation is 
constriction -of the hepatic or sublobular veins. Unfortunately the 
anatomical arrangement of the hepatic veins is such that we have been — 
unable to test directly the effect of ligaturing them partially or com- 
pletely. There are difficulties, however, in accepting this explanation. 
Although there is some evidence that adrenalin cayses contraction of the — 


_ muscular coat of the large veins, its action in this respect | appears to be 


comparatively trivial; and it is not easy to believe that-it could give rise . 
to the marked obstruction to the blood flow which is actually observed 
in Our experiments. It seemed possible that, if the effect: of adrenalin 
were due to constriction of the hepatic veins, barium chloride and 
pituitary extract might bring about a similar result. But this is not the 
case. ‘The injection of barium chloride leads to a trivial rise (20-40 mm.) 
and 


chee 
a 
» 
A 
f 
> 
x 
hy 
a 
= 
a 
if 
> 
~ 
a 
~ 
‘ig 
‘ 
a4 
ARE 
wy 
‘ 
ed 
« 
a 
by 
é 
‘ 
~ 


466 A. BAINBRIDGE AND J. W. TREVAN. 


pressure which is succeeded, es the arterial proure fall, by a retar of 


Bap. 6. Dog. 

Art. Portal 
Time pressure presmare 
2.50 86 165 
25; — 120 
25144 — 230 

82. 206 


“Hig. Ect of injotng hall of pltitary extrast into jugular vein. 


_ An alternative site of the obstruction is the cauiliarics of the ee 
the resistance to the blood. flow being increased either by active con- 
striction of the capillaries or by narrowing of the capillary channels as 
a result of sudden swelling of the columns of liver cells, Cotton, Lewis 
and Slade() have recently brought forward evidence that adrenalin can - 
cause active constriction of capillaries, and the occurrence of such 
_ process in the liver is conceivable. With regard to the second possibility, 
there does not appear to be anything inherently improbable in the view 
. that adrenalin may exert some action on the liver cells which results in . 
their rapidly taking up fluid from the blood and lymph. Indeed its 
influence on the glycogen content of the liver indicates that it does affect 
the metabolic activity of the liver. We attempted, therefore, to:deter- 
mine the effect on the portal pressure of sudden swelling of the liver cells. 
_ Acting on a suggestion of H. H. Dale, we injected a moderate amount 
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| ue swelling of the liver, as observed by the balloon method, but also a con- 
|} __ siderable rise of portal pressure, whereas the i injection of an equal volume - 
' of normal saline solution was almost without effect on either the volume 

_ _ of the liver or the portal pressure. 

pressure 


4.28, Inject 26 0.0 distilled water at 37° C. into branch 
436. Inject 250.0, normal saline at 37°C, into & branch 
The rise of pressure is not large as compared with that produced by. 

_ large doses of adrenalin, but it is significant that it should occur under 
* conditions which appear to preclude constriction of either the hepatic _ 
{_s-veins or the capillaries. We are disposed, therefore, to regard narrowing | 

ie _ of the capillary channels: by swelling of the liver cells as the most prob- 
es able explanation of the obstruction produced by adrenalin to the blood 
» flow through the liver, although it must be admitted that the available 
evidence does not justify any very definite conclusion. Whatever may 
be the cause of the obstruction, the fact that it is produced not only by 
adrenalin but also by strong stimulation of the splanchnic nerves may 
be regarded as evidence that its occurrence in the normal animal is — 
possible, though perhaps only in conditions of extreme emotional stress. 
If it does take place under these conditions, the holding up of blood‘in 
the liver must reduce for the time’being the effective volume of the cir- 
eulation and the filling of the heart, thereby tending to lessen the strain 
thrown upon the heart in thee circumstances. 


Pee 


SUMMARY. 
1. In confirmation of other observers we find that the injection of — 
adrenalin either into a systemic vein, or into a tributary of the portal — 
vein, produces a rise of pressure, increase in the volume of the liver, and 
~ an increased lymph flow from the thoracic duct. The vena cava pressure 

shows little or no alteration. — 
2. These effects are equally well produced whether the eam artery 

is intact or has been ligatured. 

3. They are all due to the setting up, by adrenalin, of some obstruc- : 
tion to the flow of blood from the liver into the systemic vcsipconianas 3 
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| Constriction of radicles of the portal vein may possibly bea 3 
factor to the rise of portal pressure. : 


capillary channels by swelling of the columns of liver cells. . 


| 


(1) 


(2) 
(3) 
(4) 
(5) 
(6) 
(7) 


4, The most probable cause of the obstruction is narrowing of the 


This investigation was carried out on behalf of the Medical Reseatch Committee, and 
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The action of carbon dioxide on hemoglobin. By George A. 
Buckmaster. 


2 Veterateations of the extinction coefficients of hemoglobin have 
shown that solutions of oxy-hwmoglobin are completely reduced by 
such gases as nitrogen and hydrogen (G. Hiifner). On theoretical 
* grounds a similar reduction might be inferred to follow the action ‘. 
- . carbon dioxide. This is said to be the case (Preyer). 
4 But if the visible spectrum of oxy-hwmoglobin solutions in a stratum 
of suitable thickness is continuously observed while pure carbon dioxide — 
bubbles through the solution, a double-banded spectrum can always be 
seen, and the inference may be drawn that the reduction is incomplete. 
In such an experiment certain stages can be recognised spectro- 
scopically in the following order: (1) two-banded oxy-hemoglobin, 
(2) two bands less distinct blending together, (3) two-banded spectrum, 
which resembles that of oxy-hemoglobin, (4) after two to three hours 
an additional band in the red. (Actual measurements of the position 
of these need not be given here.) 

_ Spectrum (3) is produced by the relations, between carbon dioxide 
> and hemoglobin. Spectrum (4) is probably due to a small production 
of acid hematin plus carbon-dioxide hemoglobin. Evidence for the 
existence of this latter substance is given by the following experiment. 
* A solution of oxy-hemoglobin treated with pure carbon dioxide 
- ___ yields a two-banded spectrum. On evacuation by the pump, the solution 
"not coming in contact with the air, reduced hemoglobin is produced. 
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Replace the vacuum with carbon dioxide when the two-banded spectrum 
reappears. On re-evacuation, hemoglobin is again seen. This series of 
changes can be repeated seven times and probably many more. The — 
carbon dioxide used contained no oxygen and the pump was free from 
any leak. Therefore this two-banded spectrum is not that of oxy- 
hemoglobin. I regard this spectrum as due to a substance produced 
by the interaction of hemoglobin and carbon dioxide. aces | 


The effects of intravenous injection of arginine on the creatine 
content of rabbit’s muscle. By W. H. Tuompson. 


Nine experiments were performed on rabbits anmsthetised with 
urethane. In seven a neutral solution of arginine carbonate in saline 
was injected into the right jugular vein, in two a similar solution of 
racemic arginine carbonate. Before injecting, muscle was removed 
from the right leg, precautions being taken to prevent loss of blood. 
After six hours muscle was taken from the left leg in the same way and 
the animal painlessly killed.~ In all except the first two experiments 
the water content of the muscles was determined. Creatine was 
estimated by extraction in six of the experiments, by the Folin method 
ree there was an increase of creatine in the muscles of the left 

leg, taken after the injection of arginine. The greatest increase 
(-0405 °/,) occurred in Exp. 5 after an injection of 2-8 grms., the next 
(-0279 °/,) after an injection of 3-14 grms., the lowest (-011 grm.) in 
Exp. 4 after an injection of 1-50 grms. No marked difference was shown 
in the effects of racemic arginine. 
_ In the seven experiments in which the water content of the muscles" 
was determined, 14-72 grms. of arginine carbonate (including racemic 
arginine) were injected. This corresponds to 3-65 grms. of guanidine 
nucleus and if the whole of this were transformed into creatine 8-3 grms. 
would have been formed. The actual formation over the whole seven 
experiments amounted on the average to ‘0231 grm. per cent. of the 
muscle. The average weight of the rabbits (including No. 8 the weight 
of which was not actually ascertained) was 1-89.kilos. Determinations 
of the weight of muscle in the rabbit show that with tendon and fascia 
_ it amounts to 50 per cent., allowing 10 per cent. for the latter the average 
weight of muscle was 750 grms. This is a maximum figure. Conse- 
quently the total formation of creatine amounted approximately to 
1-21 grms. containing -632 grm. of guanidine nucleus, that is to say 
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14:5 per cent. of the guanidine nucleus contained in the arginine 
' injected. These results are in conformity with previous observations 
by the author on the metabolism. of arginine in the dog. 

Five control experiments showed that neither the anesthetic nor 
the solvent had any effect on muscle creatine. 

Precautions were taken in making the colorimetric readings 
exclude possible effects of bias by concealing the identity of the solutions 
under numbers affixed by a second person. 

In all the experiments urine was collected for four or more periods 
of at least three hours each, namely (a) before giving urethane, (b) after 
urethane, (c) and (d) after arginine. In all there was a marked increase 
in the hourly excretion of total creatinine for the first period after the 
injection, as compared with the output in the previous periods, the 
increase being approximately proportional to the quantity of arginine 
injected. No appreciable increase was shown in any of the controls. 

From these results the author concludes that when arginine is in- 
jected into the circulation part of its guanidine nucleus, namely from 

' 8 to 25 ay cent. 14-5 °/,) is utilised to form creatine of muscle. 


Toxic action of amino-acids on protozoa. 
By J. A. SHaw-MAcKENZIE. 


The-toxic effect of copper salts on micro-organisms has long been - 
known, and utilised in Agriculture, and in the purification of drinking 
water supplies. A low concentration of copper salts kills or inhibits 
the activity of various pathogenic bacteria; these present consider- 
able differences in the resistance to copper. In these cases —_— 
copper salts have been employed. 

It appeared likely however that copper compounds of orgualie acids 
might be preferable to the inorganic salts. The copper compounds of 
amino-propionic-acid (alanine) and of amino-acetic-acid (glycine) are 
those to which I have specially directed my attention. These are 
soluble in water and insoluble in alcohol. They are soluble also in 
serum, and do not precipitate proteins. 

Inveagigations, undertaken with the co-operation of Professor A. 
Dendy, last summer showed the high toxicity exhibited by these copper 
compounds on protozoa. It was found that Opalina and Paramecium, 
(Hydra also) were killed in the low concentration of 1—100,000 copper 
alanine, in 10—30 minutes. Heematococcus gave marked results in con- 
centration 1—1,000,000; the ordinary pond ameba (Ameba proteus) 
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was more resistant, being inhibited and killed in concentrations of 
1—10,000 to 1—15,000, Copper sulphate gave similar results sian was 
not quite so rapid in action. 

‘The influence of temperature has been noted. The lethal effects 
of the copper alanine on Opalina and Paramecium which were produced 
in 15 to 30 minutes in the summer months, now occupy an hour or 
rather more. Raising the temperature however reproduces the former 
results. 

‘The specimens shown on the present occasion were Opalina and 
Paramecium. Opaline are obtained from the frog’s rectum, the 
- eontents of which are suspended in 0°75 sodium chloride solution. In 
this solution or even in distilled water they move freely and remain 
active for two hours orso. The Paramecium arein “aquarium ’”’ water 
and usually live for several days. After addition of the copper alanine, 
in both cases, movements are at first slowed, and soon cease; vacuola- 
tion takes place and the protoplasmic contents are extruded, apparently 
as a result of osmotic action. The toxic action of copper alanine in 
heen: alto, and is marked compared 
with serum alone. 

These experimental results on non-pathogenic protozoa suggest that 
these copper amino-acids may be of therapeutic use in dysentery and 
other protozoal diseases, more especially as copper when taken by the 
_ mouth is comparatively non-toxic to higher animals. 

In my experiments, it was observed that the controls of Opalina in 
distilled water saline or in distilled water alone, die in two hours or 
thereabouts. The use of glass distilled water in pure sodium chloride 
solution made no difference. It was found however that the addition 
of a saturated solution of tyrosine to an equal part of the sodium chloride 
solution prolonged the life of the Opaline for 24 hours, and in one 
experiment for four days. The addition of alanine (1—2000) exerted a 
similar effect but less marked. On Dr F. 8. Locke’s suggestion it was 
found that in tap water saline, Opalinw have been active and living 
after seven days. It is nevertheless of interest to find that tyrosine in 


the absence of calcium salts condatbaies to the life of the Opaline i in 
distilled water saline. 


_Rurther investigations in this direction are in progress in the culture 
of pathogenic bacteria and protosos. aes 
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Increase of erythrocytes resulting from exposure to carbonic 
acid. By Dororny Dourron. 

Rabbits were exposed to atmospheres containing an unusually — 
high percentage of carbonic acid in the air. This exposure took place 
in @ cubical glass room of about 6 feet in each direction. 

The following experiment may be taken as an example. It covered 
six days during the first four of which the rabbit was in air containing 
3—4 °/, CO, and during the last two in atmospheric air. 

3—44, Air 


| | 6-49 646 683 713 7-16 5-98 millions. 
_ Red Corpuscles ee 6-46 672 692 714 697 6-15 


In the earliest experiments, in spite of these changes in the number 
of corpuscles there was no change of the same order in the hemoglobin 
value, for instance : 


After 4 days 2 days after 
| intemnment about 3 °/, CO, internment 
Red corpuscles 4:18 6-00 4-50 
de) 10-1 11-2 10-0 


The above experiment indicates further (1) that the hemoglobin 
remains normal,in character as regards its oxygen carrying power and 
(2) that the changes in the number of corpuscles per cubic mm. were 
not due to changes in fluid content, but that (3) the possibility of genera- 
tion and destruction in rabbits is very great. . 

Control experiments over longer periods exclude the possibility of 

@ mere mechanical expulsion of corpuscles from the bone marrow. 

_. Experiments on diet are being carried out with the object of raising 
the Hb value of the blood as well as the red blood corpuscles. At present 
an indication that this is possible is afforded by a couple of rabbits 
which unlike the previous ones, were fed largely on fresh green cabbage 
instead of on Swede turnips, bran and oats—for the suggestion of 
which thanks are due to Capt. C. G. Douglas, R.A.MC. In these 
animals the corpuscles increased as before and also the hemoglobin, 
but more slowly, for example: 3 


Before 
(ga 
4°/, 00, begin)  3days 6days 11 days 


Red corpuscles 4-580 5-200 7-220 7-264 
Hb meter 76 80 85 91 
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These experiments with the necessary controls are being continued — 
in order to test such points as the effect of diet in the absence of car- 
bonic acid and the more exact investigation of the chemical aspects for 
advantage derived from green food, whether for instance it is due 
to iron or to the chlorophyll. 

Numerous observers have noted an increase of corpuscles and hemo- 
_ globin when men! or animals* are subjécted to oxygen want. Moreover 
oxygen want produces increased hydrogen ion concentration of the 
blood. The question then arises, Has carbonic acid any specific effect 
as opposed to the change in blood reaction which it produces? The 
answer to this we must reserve for the present, but in whatever way 
carbonic acid may act the above results suggest that any factor such 
as violent exercise which produces a temporary rise in the concentration 
of carbonic acid in the blood will produce a corresponding formation 
of fresh corpuscles. | 


On the occurrence of spermine. By RosENuEIM. 
It has been asserted repeatedly in the literature, in spite of the 
statements of Schreiner and Poehl to the contrary, that spermine is 
only found in the sperma and the prostate secretion. Various observers 
have failed in their attempts to isolate this base from the testis. During 
the last few years I have succeeded in working out a method, the details 
of which will be published elsewhere, by means of which spermine can 
be prepared with unfailing certainty from the testes of various animals. 
The small yield induced me to investigate other organs, and it was found 
_ that the occurrence of spermine is much more general than has hitherto — 
- been assumed. It is not restricted to the male sex, nor indeed to the 
animal kingdom. It has been isolated by the method referred to from 
testis, pancreas, spleen, brain, cancerous lymphatic tissue, cod’s roe 
(male and female), meat extract (Liebig’s); but not from serum nor 
blood nor protein-free milk, nor from the products of protein-hydrolysis 
(cancerous tissue). I was able to confirm the statement of Béttcher, 
whose name is wrongly connected in the literature with the discovery of 
spermine phosphate crystals in sperma, that similar crystals appear in 
egg-white on standing at room temperature. Of over 40 hens’ eggs 
1 This subject has a large literature which will be found in such places as Zuntz, 
Loewy, Miller and Caspari, Héhenklima und Bergwanderungen, Berlin. 1906; 
Douglas, Haldane, Henderson and Schneider, Phil. Trans. Roy Soc, B. om. 
Pp. 18; Barcroft, The Respiratory Function of the Blood, Cambridge, p. 120. 1913, 

* Kolls and Loevenhart, Journal of Biological Chemistry, p. xxxviii. 1914. 
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examined, only one failed to show these crystals. In no case was I able 
to observe them in the eggs of other birds—duck, pigeon, chaffinch, 
thrush, wren and blackbird. The crystals observed in egg-white are, 
however, not spermine phosphate, and I was unable to isolate spermine s 
either from the yolk or white of hen’s eggs. It appears to be absent 
from the flowers and leaves of higher plants (Trop@olum majus) and 
from wheat-germs, but can be easily isolated from fresh, dried 
(Lebedeff’s) or autolysed yeast. Up to the present, yeast seems to 
be the most convenient source for the preparation of spermine. 

Of all the numerous colour reactions applied to spermine, only two 
so far have been found positive; these are the ninhydrin reaction and 
the pyrrol reaction (in absence of zinc dust). 

The application of Kossel’s silver method showed that spermine 
remains in the lysine fraction. It can be easily separated from lysine 
by the insolubility of its phosphotungstate in acetone, a property which 
is most useful for its isolation. | 3 

Various well crystallised derivatives of spermine have been prepared, 
such as the di-benzoy] product, the picrate and the arsenate, and these 
are now being analysed. The nitrogen of spermine is present as amino- 
nitrogen and can be estimated by Van Slyke’s method. 

All the evidence obtained up till now points to the view that 
spermine has the constitution of a relatively simple aliphatic base. 


Note on the preparation of scyllitol from dogfish (Scyllium 

The i-inositol which occurs in small quantities in practically all 
animal tissues is a representative of the class of substances which exist 
in several optically active modifications in the absence of an asym- 
metrical carbon atom, their optical activity being due to space-isomer- 
ism. The ordinary 7-inositol of animals and plants is one of the seven 
possible inactive forms and at present scyllitol is the only other repre- 
sentative of this group. Scyllitol occurs in animals only in a certain 
class of fishes, viz. the elasmobranchs. In the course of another research 
it betame necessary to prepare scyllitol for the purpose of comparison 
and I found that the laborious method used since the discovery of the 
substance in 1858, could be considerably simplified by employing acetone 


+ for ita extraction. The common dogfish is a useful material for this 


purpose. The whole fish, after removing stomach and intestines, is 
passed through a mincing machine and left standing with one half of 
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its weight of acetone. The extract is freed from acetone and the syrupy 
residue, after repeated treatment with hot acetone, left to crystallise in 
a cool place. Hard transparent crystals of scyllitol settle at the bottom 
of the vessel and can be easily separated from the mother liquor by 
decantation after repeated washing with cold water in which the sub- 
stance is very insoluble. After one crystallisation from dilute acetone 
the substance is apparently as pure as that prepared by the laborious 
older process and the yield is slightly larger. From 10 kgs. of dogfish 
about 1 gr. of pure scyllitol is obtained. It is interesting to note that 
the brain of this fish also contains scyllitol, in distinction from the brain 
of other animals hitherto examinéd which all contain inositol. 

The acetone extract also contains considerable quantities of urea 
and purine bases which can be prepared from it by simple methods. 


‘The nutritive value of margarine and butter substitutes. By 
C. Drummonp anp W. D. | 


In view of the enormous increase in the consumption of butter 
substitutes in this country, an investigation has been carried out with 
the object of determining whether any of these substitutes can a emamed 
replace butter in the diet. 

Earlier authors concluded from their experiments that margarine is 
as well utilised by the organism as butter, and that it could on these 
grounds claim to possess an equal nutritive value. Physiological views 
upon the problems of nutrition have been recently modified as a result 
of the discovery of the important, and as yet unidentified, components 
of a normal dietary called the accessory growth substances. One of 
these substances is usually associated with certain animal fats, and 
butter fat being particularly rich in this substance, an explanation of 
the superior nutritive value of butter fat is afforded. Accordingly we 
have carried out a large number of feeding experiments upon young 
growing rats in order to determine whether the chief butter substitutes 
now upon the market contain the important so-called Fat soluble A. 
The experimental method employed was to feed the animal upon a 
dietary composed of purified foodstuffs such as caseinogen, starch, 
dextrin, sugar, salts, agar and the equally important water soluble B 
. together with the addition of the fat to be examined. A rat fed upon 
such a diet with lard as the only fat will grow at a slow rate for a short 
time, depending upon the resistance of the animal to the unfavourable 
diet, and will then rapidly decline and die. The addition of a fat con- 
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taining the so-called fat soluble accessory substance in sufficient amount, 


will ensue. | 


(a) “ Oleo-oil” margarines. The better grade margarines sold in 
this country are usually “oleo-oil” margarines. That is they have as 
a basal fat “oleo-oil,” a commercial product prepared from. beef fat 
and consisting of the lower melting-point fractions of that fat. 
Osborne and Mendel have found that oleo-oil contains the accessory 
substance usually found in company with fats, and a margarine examined 
by them, and probably an “oleo-oil” margarine, was found to be — 
to butter fat in the nutrition of young growing rats. 

We can confirm the findings of these authors with regard to this , 
‘class of margarine, for as far as our experiments have gone, we have 


found them quite able to replace butter in ‘satisfying the nutritive 
— of the young rat. 


() Vegetable oil margarines. There has recently ee an enormous 

i extension of the margarine industry to the production of — 

~~ made with a basis of a cheap vegetable oil. 

2 In this country the chief vegetable oils utilised for this purpose are _ 
coconut oil and arachis or peanut oil. McCollum, Simmonds and 
Pitz have found that few, if any, of the chief vegetable oils contain the 
fat soluble accessory substance, and their findings in the case of cotton 
seed oil, corn oil, olive oil, sunflower seed oil, soy-bean oil, wheat oil, and 
linseed oil are confirmed by our results obtained by anne arachis oil, 
coconut oil and cotton seed oil. 

_ Rats are unable to grow to adult size when any one of these oils is 
the only fat present in its dietary. Application of these results to the 
case of vegetable oil margarines would lead to the assumption that such 
products would be deficient in that important factor, and such is found 
to be the case when the experimental trials were made. As far as our 
experiments have gone we find that margarines prepared with a basis 
of coconut fat are not equal in nutritive value to butter or “oleo-oil” 


margarines. 


(c) Vegetarian Butters, Nut Butters and Nut Cream Butiers. A large 
and heterogeneous collection of butter substitutes may be included in 
this category. They are almost. without exception products placed on 
the market by firms which make vegetarian“ preparations: In nearly 
every case which has been examined during the course of this work 
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they have consisted of a basal vegetable fat with which is incorporated 
_ & greater or less proportion of crushed, dried nuts. They can therefore 
be said to resemble cream more closely than butter. 
Apparently the nutritive value of these products varies considerably. 
Thus, one composed of a basal vegetable fat and dried walnuts was 
‘ entirely unable to replace butter, whilst another preparation, made 
_ from the same basal fat and crushed coconut fibre, had a high nutri- 
~tive value, 
Apparently the fat soluble accessory substance is present in the 
coconut fibre and as it is absent from the expressed oil we have a result 
_ which confirms similar findings in the case of corn (maize) by McCollun, 
Simmonds and Pitz. 
The examination of this class of product has not been completed. 
 (@) Vegetarian Suet and Lard substitutes. Two preparations of this 
type have been examined and both were found to be free from the fat 
‘soluble accessory substance. One product was apparently deodorised 
coconut oil whilst the other was probably a hydrogenated cotton seed 
oil preparation. McCollum found that “Crisco,” a hydrogenated 
_ cotton seed oil preparation sold extensively in the U.S.A. as a. lard 
substitute, was a useless substitute for butter. | | 
__ The research is not yet completed, several other typesofcommercial 
edible fats being under examination. | . 
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On lipoid deposits in adipose tissue. By W. Cramer. 

- The adipose tissue contains lipoids in addition to ordinary fats. 
This can be demonstrated by examining in polarised light fresh teased 
preparations or frozen sections of formalin-fixed material in glycerine. 
With crossed nicols some of the adipose tissue cells can be seen to con- 
tain anisotropic material within the isotropic globule of true fat. The 
anisotropic material occurs in definite crystals or in indefinite globular 
masses. On gently warming the double refraction disappears and 
reappears on cooling. The anisotropic material is probably a mixture 
of several lipoids, of which one group can be definitely identified as 
cholesterin compounds by applying to the dried material in the test tube 
the Liebermann Burchard test. The greenish blue colour characteristic 
for cholesterin and its derivatives develops in a few minutes. The 
histochemical reactions indicate that the cholesterin compounds are 
partly present in the form of cholesterin-esters. 

The lipoids are not evenly distributed throughout the adipose 
tissue. They may be absent in some cells or groups of cells, or when 
present they may constitute only a small portion of the fatty material 


contained in the adipose tissue cells. There are, on the other hand, 
certain sites where the adipose tissue contains anisotropic lipoids con- 


4 _ stantly and in amounts which are large in proportion to the amount 
He of isotropic fat present in each cell. One such site, which has been 


examined in the tame mouse, white rat, rabbit, guinea-pig and man, 
is the adipose tissue which surrounds the kidney and adrenal and which ~ 
in man lies within the perinephric fascia. If a section of the adrenal 


a with the surrounding adipose tissue is examined in polarised light the 


anisotropic material inside the adrenal cortex has the same appearance 
| b 
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as that outside the cortex in the adipose tissue. With crossed nicols 
one obtains thus sometimes the picture of a continuous band of aniso- 
tropic material stretching across the field, and only on turning the 
analysing prism is it found that this band lies partly inside and partly 
outside the adrenal. Even if one did not know that this anisotropic 
material contained cholesterin compounds both inside and outside the 
adrenal cortex one would have no hesitation in concluding from the 
appearance in polarised light that the anisotropic material in the 
adrenal cortex is essentially the same as that in the periadrenal adipose 
tissue. As the adrenal cortex is known to contain cholesterinesters 
‘the presence of cholesterinesters as indicated by the histcchemical 
evidence receives further confirmation. 

The presence of these substances in the perinephric fat is of special 
interest both in relation to the normal presence of similar substances 
in the adrenal cortex which lies embedded in it, and also with reference 
to the abnormal appearance of these substances in the kidney in certain 
pathological conditions. 

authorities! from two different sources, of which one can be recognised 
in the foetus of all mammals in the form of the so-called “primary fat 
organ” or “fat-gland,” In most species this tissue loses its character- 
istic histological structure soon after birth, and acquires the appearance 
of ordinary adipose tissue. But in some species (the white rat, tame 
mouse) it persists and can be recognised in the adult animal by its 
reddish-brown colour. In the rat both types of adipose tissue contain 
=e of anisotropic lipoids and give the reaction for cholesterin. 


Hammar, mikroek. Anatomic, 45, p. 512. 1805. 
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The energy value of the ordinary diet of a sedentary worker. 
with and without alcohol. By A. D. Wattze, MD., F.R.S. 


The accompanying table contains the summary of two series of 
observations, each lasting six days; of the amount of protein, fat 
and carbohydrate (in grammes) and of their calorie value in accordance 
with the received factors P and C = 4-1, F = 9-3, in my ordinary diet 
without and with my ordinary dose of alcohol. The second table gives 
a summary of the first table. 
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8 235 187 4 
45 129 1038 
4 9 33 260 
14 86 577 4 
« 6 21 154 a 
‘ 
82 292-5 2216 4 
: 
d March 2 March 3 March 4 a 
— 4 6 25 175 4 8 22 181 
28 62 94 49 133 1087 21 25 1165 792 3 
Lunch 10 39 345 6545 10 38 2756 SOT 10 2 265 168 
> Dinner 30 32 164 1003 19 16 87 583 16 1l 76 480 a 
Supper 4 34 154 4— 34 156 a 
=: Total 68 133 2025 2715 658 1009 3065 2506 63 57 3265 2127 
March 5 March 6 March 7 
115 878 4 
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16 97 
97 573 
— 
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March 8 March 9 March 10 
23 195 1102 30 50 195 1184 29 36 1185 930 
lunch 16 115 87 529 10 39 276 616 1911 73 4795 
25 — 06 — 266 117 
— — — 106 — — — 
Total 5 3606 2538 706 122 271 2534 77 83 331-5 24465 
2 — — — — 875 
‘Date F (P,#,0) (Alcohol) Calories 
February 27 66 2640 2640 
March 1 62 292-5 2216 2216 
68 133 999-5 S715 2715 
58 109 365 206  — 2506 
Average perday 62 98 302 2402 “es 2402 
March 92 316 2443 3745 «28175 
1-5 320-5 2087 3745 461-5 
64 645 3555 2320 309 - 
70 835 3595 2538 392 2930 
05. 122 271 2584 285 27825 
83 3315 24465 3875 2834. 
Average perday 83 326 2395 363 2758 


It will be seen on comparison of the results that the protein, fat and 
carbohydrate calories have come out of the same average value— 
2400 calories—in both sets of observations. The average calorie value 
of the alcohol (363 calories) has been additional: it does not appear to 
have taken the place of the P, F, C calories. My weight throughout 
the experiment remained stationary at 190 Ibs. 

The diet was entirely my go-as-you-please ordinary diet, the end- 
point to my eating and drinking being given in the usual way by state 
of appetite. The weighings were made by Miss De Decker on counter- 
poised saucers at a side table. The percentage compositions of food 
materials from which the P, F, C values were calculated were for the 
- most part taken from Atwater or were, as I have given them recently, 


in the Lancet of Feb. 17, 1917 (“The Unrestricted Diet of a — 
| 


ity 
+ 
= 
4 
af 
bi 
4 
4 
4 


3 


‘PROCEEDINGS 
PHYSIOLOGICAL SOCIETY, 
June 30, 1917. 


The shut eye colour phenomena. By Suer Saunt. 


Tt has been observed by the author that a series of colour effects 
can be obtained by exposing the closed eye to a powerful source of 
light the pressure on the lids being varied. Thus looking up towards 
the sun with the lids closed an orange-red colouration is observed. 
On attempting to close the eyes more tightly the colour changes to 
red, On relaxing them as much as possible the colour becomes almost 
yellow. By relaxing the eyes to the extreme so that the lashes are 
about to part, the colour becomes faint sky blue or indigo. Nearly 
the whole range of spectral colours can be observed. | 

The sun in the morning or evening is found to show the phenomenon 
at its best. No results can be obtained in the dark or when the sky is 
cloudy. With artificial light, the results are only obtained when the 
intensity of illumination is great. With monochromatic light the play 


* of colours is not obtained. 


The explanation of the play of colours is probably as follows: when 


the eyes are closed and directed to a constant brilliant source of light 


the fundus becomes diffusely illuminated, and we see a red reflex from 

choroidal blood vessels, the intensity of which varies with the pressure 
applied. As we increase the pressure more blood flows in the vessels 

and we see the red or dark red tinge of the blood. The retina gradually 
gets fatigued for the red colour and we observe the complementary of 

the red on relaxing the eyelids. The complementary colour for red is 

bluish green. This ought to be produced as a result of retinal fatigue. 
The orange, yellow and. green colours which intervene between these 
two complementary colours, are the result of the combining of the two 
colour effects. 
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That this complementary colour effect is the true explanation is 
confirmed by the following observations: If we view light source for 
some time through red glass with the shut eye and then remove the 
red plate, we find that incoming sunlight gives a beautiful tinge of 
bluish green. If we keep bluish green plate between the shut eye 
and the sun and then remove it after the retinal fatigue, the sunlight 
would appear to be red when the plate is removed and the eye is kept 
shut. If we use an orange plate, the colour observed is blue and vice 

versa. Now the observed colours are complementary colours, therefore, 
in the case of pure sunlight also we are dealing with the same pheno- 
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survey of 9000 Cardiograms. 
A. D. 


. The primary object of the following numerical survey was to ascertain 
from the records of the National Hospital for Diseases of the Heart 


‘whether the Electrocardiograms afford evidence in the determination of 


a sound (or unsound) state of the heart comparable i in value with the 
evidence afforded by the ordinary seni signs estimated by auscul- 


tation and percussion. 


The numbers of cases classified for the first 1000 are (1) 400, 
(2) 187, (3) 239, (others 174); we are dealing with a specially selected 
population composed of persons already picked out at their first examin- 
ation as offering more or less evident signs of heart disease. The facts 
counted are the statements recorded by the — i ae el of 
theit observations and conclusions. | 

Fitness 


i 241 244 | 


515 


_. The coefficient of association Q.is easily calculated from formulae 
given by Pedrson and by Yule, for the indication of which I have to 
thank Captain Greenwood. By Yule’s* formula for the coefficient 
of association Q in this case = 0-38. By Pearson’s* formula Q=0-30. _ 
The probability of the observed distribution being due to random samp- 
ling is less than 0-000002, 1.e. practically 0, oe 


1 Yule. 3rd Ed. 1916, p. 38. 


4abed N* 
Pearson, Q=sin 5 where Phil. Trane. R. 8. 
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First 1000 cases (400 “Fis” ; 600 “not Fit”). 


Normality of Cardiogram... 241 244 159 356 0 +0:30+0-06 
Right Hypertrophy 340': 495 0-783 -0-0740-06 
Left Hypertrophy... ... 26 81 375 519 O04 -0831006 
AllMurmurs 28.2207. -0-50+0-05 
Size ofheart 224 375 176 225 0843 -04040-06 
Pulse-frequency ... ... 229 401 171 «198 0104 + -0-16+40-06 
Organic Murmurs... ... 4 180 396 420 0 -09710-004 
Non-Organic Murmurs. ... 128 213 272 387 (0-784 . -0-064+40-06 
Aortic. disease eee 0, 40 400 560. 0 ~1-00 

Mitral disease and Normality , 


of Cardiogram*  ... 50 104 ~-0-236..0-061 


‘Second 1000 cases (274 “Fit” ;. 726 “not Fit”). 


d 
342 116 384 +0-16 40-06 
88 233 638 +0-09 + 0-06 
138 261 588 -0:36 + 0-06 
230 
275 


t in consequence of a question put at the meeting. 
ync 0, i.e, there is no appreciable association between 


= 
We 
= 


> 
“Wa y eee 
eee ees 
3 All Murmurs 
eve eee 
2 
ae Size of heart eee eee 
149 
eee sor + 
a Organic Murmurs ... re 4 245 270 481 0 — 0-96 +0-005 
4 Non-organic Murmurs ... 94 251 180 475 1 -0-0045+40-064 
0 274 675 0 -—1-00 
Mitral disease 4 212 270 514 0 —0-95 +0-007 
Mitral disease and Normality 
of 
4 106 389 394 0-97 +0-0235i0-064 
a 1 This coefficient was 
It fluctuates 
= 
a mitral disease and the elec . 
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Reymond’s negative variation. By W. L. Symes. 
Communication.) 


In comparison with that of frog’s nerve, the siding variation 


of mammalian nerve has received little attention. In frog’s nerve 


i | Boruttau(t) claims to have recognised a negative variation 8 days 
© after the death of the animal. 


In mammalian nerve Valentin) was able to elicit it on the dey of 


| death but not later. Hermann@) describes it as recognisable for hours 
after death. Frédéricq@), and Sosnowski(), found jt as late as 
| 24 hours post moftem. Boruttau claims (6 and 1) to have corroborated 
| earlier observers but gives no details. Alcock(t) recognised it Lied to 
28 hours after death. 


In the course of current observations the negative variation of 


> mammalian nerve has been recognised 8-9 days after removal from the 


| animal, The nerves were taken from the limbs of recently killed (or of 
 anmsthetised) cats and rabbits and stored in one or other variant of — 

© Locke-Ringer solution, at (or about) 0°C. They were tested, between 
© 26°C. and 35°C., by excitation for 10 secs., once a minute (Waller's — 
= procedure), with an induction coil fed by a current of 0-3 ampére either 
| from 110 volts through a lamp resistance (cf. Locke()) or from 2-8 volts _ 
© (2 Leclanché cells). The galvanometric deflections (Thomson) were 
© read on a screen 1-5 m. from the mirror and plotted on squared paper 
> (cf. Fig.) or photographed by means of Waller’s galvanometer camera, 
_ The accompanying figure shows three experiments. 


At its best, the negative variation of mammalian nerve, \ieaed as 
S above, is at least as great as that of frog’s nerve. ss 
© Im the experiment shown to the meeting a peroneal nerve (cat) — 
removed 5 days before testing, stored at 0° C.-3° C., and tested at 33°C., 
> showed a demarcation P.p, of 8 millivolts. Excitation (secondary coil 
at 22-5 om.) evoked a negative variation covering 8 cm. on the scale. 
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With the secondary coil at 26 om., the response was 5-6 om. The nerve, 
after angering between the two pairs of electrodes, aig no negative 


iti] 

‘Jos WW | 
- 


To be read from left to right. thane ct the 
spot from above downwards (from right to left on the actual scale). In A and in B 
the first, median, and last deflections (in C—the first and last) were produced by 
increasing the compensator P.D.. by 1-0 m.v., for 10 secs. ‘The remaining 10 deflections 
in each case were negative variations from excitations lasting 10 secs. In all cases 
the excitations were reversed in direction after the fifth. The numbers on the 
| (vertical) scale represent om. on the (horizontal) galvanometer scale. 
A. Three days post mortem. Peroneal nerve, rabbit. Demarcation P.p. 18 mv. 
e Secondary coil at 22-5 om. Nerve stored at 8°-9° C., and tested at 27°C. 
B. Six days post mortem. Nerve from forelimb, rabbit. Demarcation P.p. 3. m.v. 
: Secondary coil at 150m. Nerve stored at 4°-5° C., and tested at (circa) 27° C. 
C. Eight days post mortem. Peroneal nerve, rabbit. Demarcation P.p. 45 m.v. 
_. Excitation as in B. and tested at (cirea) 27°C. 


‘Variation with the, mus. The exciting electrodes 
(8mm. apart) were surrounded by Hering’s guard-electrodes (Schiitz- 
elektrode), and were 15 mm. from whieh were 

cm, — 


(1) . -Pfliiger’s Arch. 58. pp. 28, 29. 1804.' (2) Valentin. 1. 
p- 523. 1868. (3) Hermann. Hdb. Physiol. 2. p.120. (4) Frédéricg. Du Bois 
_ Reymond’s Arch. p. 70. 1880. (6) Sosnowski. Bull. Internat. de TAcad. de 
Cracovie, pp. 137 ef seq. 1900. (6) Boruttau, Pfitiger’s Arch. 84. p. 379. 1901. 
(7) Alcock. Proc. R. Soo, London, 71 B, 268. (8) Locke. These pro- 


> 
a, 
5 
WG 
4 
4 
. 
1 
¥ 
ai 
, 
. 
7 
in 
¥ 
4 
a 
¥ 


PROCEEDINGS 
PHYSIOLOGICAL 
October 20, 1917. 


‘The relation of prothrombin to ibrinogen 


The precipitate obtained from bird’s plasma after dilution with ten — 
volumes of distilled water and neutralisation ‘with a little acetic acid 


- consists of fibrinogen and prothrombin. The presence of prothrombin 
in the precipitate is evident since (1) after dissolving it in -5% NaCl — 


coagulation can be produced by the addition to it. of thrombokinase 


and a soluble calcium salt, and (2) the residual fluid obtained after the 


removal of the clot contains large quantities of fibrin ferment. 
_+I have previously put forward the hypothesis that in blood pro- 


Fe _ thrombin is intimately associated with fibrinogen, and that this relation 


of prothrombin to fibrinogen is retained after precipitation from stable 


_ bird’s plasma. Dale and Walpole’ on the other hand deduce from 


their experimental results that the association of prothrombin with 
fibrinogen in the precipitate obtained from plasma by dilution with 
water is accidental and does not depend upon any specific relation of 
prothrombin to fibrinogen. They assume that both prothrombin and 
fibrinogen belong to the class of proteins known as globulin and are 
therefore precipitated when any fluid containing them in solution is 
diluted largely with water. The accuracy of these two hypotheses may 3 


be tested by determining the solubility of prothrombin in water. 


A solution of prothrombin may be obtained by diluting bird’s plasma 
with water, etc., dissolving the precipitate in -5 % NaCl and adding to 
this fluid a minimal quantity of fibrin ferment. This ~—T ferment 


Biochem. Journ. 331. 1916. 
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changes the fibrinogen to fibrin and the residual fluid obtained after the 
 vemoval of the clot contains large quantities of prothrombin. On 
- diluting this solution of prothrombin with ten volumes of distilled water 
. @ precipitate of globulin is produced. This precipitate contains no trace 
of prothrombin—in fact it consists of serum globulin only, the pro- 
thrombin having remained in solution. This result may be confirmed 
_ by dialysing a prothrombin solution—a precipitate of globulin is pro- 
duced in the dialysed fluid but the prothrombin remains in solution and 
* does not associate itself with the precipitated globulin. _ 

From these experiments three facts are evident: (1) prothrombin is 
soluble in water, (2) prothrombin does not associate itself with serum — 
globulin when a fluid containing these two substances in solution is 
diluted with water, (3) prothrombin does associate itself with fibrinogen 
under similar circumstances. Now the physical properties of fibrinogen 

- and serum globulin, considered from the point of view of their solubilities 

_ in solutions of neutral salts, are essentially similar. Therefore the asso- 

ciation of prothrombin with fibrinogen must be of an intimate character 

_ and must be related to some property of fibrinogen other than its in- 

_ solubility in water and solubility in solutions of neutral salts. It is of 

_ interest to note that the solubility of the fibrinogen-prothrombin com- 
plex is determined by the fibrinogen and not by the prothrombin. — 

The hypothesis that prothrombin is associated with fibrinogen in 
blood is supported by many general observations on the coagulation of 
blood and particularly by the apparent paradox that although the ulti- 
mate agent in the coagulation of blood is fibrin ferment yet ns 
contains quantities of anti-fibrin ferment. 


Renetion, By W. Bowwraurr (Kama). 


This reaction rests on the assumption that foreign protein introduced 
parenterally leads to the development in the blood of specific protective 
‘enzymes, much as the introduction of a toxin provokes. the appearance 
of an antitoxin. The foreign protein may be introduced by injection, 
or may enter the blood from a new growth as in cancer, or from the 
placenta as in pregnancy. Michaelis among others criticises the test as 
a specific one for pregnancy, for he has found in the blood of male animals 
enzymes capable of digesting placenta-protein. This Abderhalden 
explains by inattention to details of technique; these details, however, 
appear to be so elaborate as to destroy the value of the test for the 
‘Practical investigator, results have been confirmed 
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present author in collaboration with Dr Kniazeff, but they have found 


in males (men and dogs) that the test gives sometimes a positive, and 
sometimes a negative result, and that this variable result depends upon 


the state of the digestive organs. The alimentary canal, the gastric 


glands excepted, are not at rest between the acts of digestion. The 
activity of the pancreas .and intestinal juice is manifested in a definite | 
thythmic way between the periods of digestion of the food. This the 
author terms the “Periodic Function of the Organism,” and is described 
at length in his paper in the Quarterly Journal Exp. Phystol., 1916, 10, 


‘175, The result is that pancreatic and intestinal juices pass into the 
empty intestine; they are absorbed from the small intestine (none reach 


the colon) at the next digestive act, and therefore their enzymes are 
discoverable in the blood at such times. This the author believes to be 


. the origin of Abderhalden’s protective enzymes, and naturally this 
occurs in both sexes. The enzymes of the blood then found act not only 


on placenta-protein but on other varieties of protein as well. Abder- 
halden’s method is a good one for detecting the presence of peers 
enzymes in the blood, but as a distinctive sign of pregnancy, etc., it is 
regarded as useless. (Abstract of author's communication prepared 
W. ) 
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